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A. DEVELOPMENTS FOR ZIRCONIUM-CLAD F U E L ELEMENTS F. R. Shober
Thermal-conductivity m e a s u r e m e n t s of u r a n i u m and U 0 2 a r e being m a d e a s p a r t of t.lvo p r o g r a m s to d e t e r m i n e the effect of i r r a d i a t i o n o n t h e s e two m a t e r i a l s . obtained f r o m c r e e p t e s t s on 15 p e r cent colcl-worked Zircaloy-2 a t 290, 345, and 4 0 0 C indicate that the 10,000-hr c r e e p s t r e n g t h s at t h e s e r e s p e c t i v e t e m p e r a t u r e s a r e g r e a t e r than 35,000, 25,000, and 15,000 p s i . m a t e l y 6000 h r .
Data
T e s t s have b e e n in p r o g r e s s approxi-C o r r o s i o n t e s t s i n 300 C w a t e r and h o t -h a r d n e s s t e s t s of high-strength z i r c o n i u m alloys containing molybdenum, niobium, and t i n have been u s e d a s the b a s i s of s e l e ction for seven alloys which a p p e a r s u p e r i o r to Zircaloy-2 i n both r e s p e c t s . A study d i r e c t e d toward development of sink-float density m e a s u r e m e n t s a s a method of identifying f a c t o r s affecting irradiation-induced volume changes in graphite is under way. R e s e a r c h h a s been initiated on the p r e p a r a t i o n of molybdenum single c r y s t a l s f o r i r r a diation-damage s t u d i e s .
T h e r m a l Conductivity of Uranium and U 0 2 C . F. Lucks anc! H. W. Deem T h e effect of i r r a d i a t i o n o n the thermal. and e l e c t r i c a l conductivities of u r a n i u m and on the t h e r m a l conductivity of u r a n i u m oxide is being studied.
Uranium
__-
Thermal-conductivity m e a s u r e m e n t s on c l a d s p e c i m e n s a r e being continued. Data will be r e p o r t e d a s soon a s c o m p a r i s o n m e a s u r e m e n t s a r e completed.
U r ainium Oxide
An a p p a r a t u s for making thermal-conductivity m e a s u r e m e n t s on U 0 2 , both before a n d a f t e r i r r a d i a t i o n , h a s been completed. u s e d . m e n and the heat flows through the s p e c i m e n into a h e a t sink. Compensated t h e r m ocouples at known positions m e a s u r e the t h e r m a l g r a d i e n t s . The t h e r m a l conductivity of the s p e c i m e n will be calculated f r o m the heat flow, c r o s s -s e c t i o n a l a r e a , a n d the t h e rmal g r a d i e n t s .
A s t e a d y -s t a t e absolute method is being B r i e f l y , a c c u r a t e l y m e a s u r e d power i s introduced into the t o p p a r t of the s p e c iGuarding to p r e v e n t s t r a y h e a t flows h a s b e e n provided.
Calibrating and establishing the reliability of t h e a p p a r a t u s h a s continued. R esult:$ on the titanium-alloy s t a n d a r d a r e given in Table A-1. r e s d t s a r e i n reasonable a g r e e m e n t with l i t e r a t u r e values, the a p p a r a t u s shows cons i d e r a b l e sensitivity to small t e m p e r a t u r e unbalances between the guard and s p e c i m e n h e a t e r . However, c a r e f u l control of guard t e m p e r a t u r e is effective.
Although the e x p e r i m e n t a l 
A -2
The c r e e p s t r e n g t h of 15 p e r cent cold-worked Zircaloy-2 is being d e t e r m i n e d and 290 t o 400 C t e m p e r a t u r e range. C r e e p data a r e being obtained f r o m two t y p e s of t e s t s :
s h o r t -t i m e s t r e s s -r u p t u r e and long-time c r e e p t e s t s (about 10,000 h r ) . initiation of t h i r d -s t a g e c r e e p a n d the t o t a l deformation a s s o c i a t e d with it a r e of s p e c i a l i n t e r e s t . achieved by cold working under s u s t a i n e d l o a d s at elevated t e m p e r a t u r e s is being studied.
evaluated a s a p a r t of a p r o g r a m t o provide design data f o r r e a c t o r components i n the
I
T h e t i m e f o r
The ability of cold-worked z i r c o n i u m t o r e t a i n the additional s t r e n g t h Twelve c r e e p units a r e i n u s e at the p r e s e n t t i m e with the m a j o r i t y being u s e d for long-time c r e e p t e s t s . the r e s u l t s to date indicate that they will r e q u i r e at l e a s t 10,000 h r f o r completion.
Seven of t h e s e t e s t s have been i n p r o g r e s s o v e r 5000 h r , and B a s e d on d a t a f r o m t e s t s at 290 C , both t h o s e completed and those i n p r o g r e s s , i t a p p e a r s that 15 p e r cent cold-worked Zircaloy-2 will s u s t a i n s t r e s s e s of 35,000 p s i o r l e s s for p e r i o d s exceeding 10,000 h r . The m i n i m u m c r e e p r a t e s obtained f o r t e s t s i n t h i s s t r e s s range a r e l e s s t h a n 0.00001 p e r cent p e r h r . T e s t s p e c i m e n s loaded i n the s t r e s s r a n g e f r o m 40,000 to 45,000 p s i at 290 C failed between approximately 1700 and 0. 1 h r , respectively. At 345 C , s t r e s s e s capable of being s u s t a i n e d by t h e s p e c i m e n f o r p e r i o d s of 10,000 h r a r e 25,000 p s i o r l e s s . duced f a i l u r e in 0 . 5 and 4200 h r , r e s p e c t i v e l y . a t 400 C to make a s i m i l a r c o m p a r i s o n , but i t a p p e a r s that a 10,000-hr r u p t u r e life will be attained by s t r e s s e s below approximately 15,000 p s i . The development of a r e a c t o r to o p e r a t e at elevated t e m p e r a t u r e s i s dependent upon the development of cladding and s t r u c t u r a l m a t e r i a l s capable of withstanding t h e s e t e m p e r a t u r e s . Zircaloy-2 i s a n example of a cladding m a t e r i a l developed by such alloy studies. c a n be developed f o r u s e as cladding, the u s e of m e t a l l i c u r a n i u m fuel e l e m e n t s a t higher t e m p e r a t u r e s will be feasible. and t h e r m a l conductivities of t h e s e alloys should be similar t o Zircaloy-2.
If s t r o n g e r c o r r o s i o n -r e s i s t a n t z i r c o n i u m alloys ( s t r o n g e r than Zircaloy-2)
The expansion coefficients, nuclear p r o p e r t i e s , Nine s e r i e s of alloys w e r e p r e p a r e d , They c o n s i s t of t e r n a r y zirconium-base alloys containing 2 . 0 , 3 . 0 , and 4. 0 w / o tin gilus 0 to 2. 0 w / o molybdenum, t e r n a r i e s containing 2.0, 3.0, and 4 . 0 w / o t i n plus 0 to 3 . 0 w / o niobium, and q u a t e r n a r y alloys containing 2.0, 3. 0 , and 4 . 0 w / o t i n plus 0 . !j to 2 . 0 w / o molybdenum and 0 to 3 . 0 w / o niobium. The above-mentioned alloys w e r e s c r e e n e d by c o r r o s i o n testing for 1 0 0 0 h r in high-purity 3 0 0 C w a t e r and by r o o m -t e m p e r a t u r e h a r d n e s s (DPH) m e a s u r e m e n t s . Limiting p a r a m e t e r s of a m i n i m u m r o o m -t e m p e r a t u r e h a r d n e s s of 250 DPH (this gives a 0 , 2 p e r cent offset yield s t r e n g t h of approximately 55,000 p s i using the s t r e n g t hh a r d n e s s relationship) and a m a x i m u m weight gain of 30 m g / ( d m ) ( 1000 h r ) w e r e e s t a blished. on alloys containing the m i n i m u m and maxirr.um alloying additions w e r e m a d e . S e v e r a l alloys shown in Table A -2, which have the b e s t combinations of p r o p e r t i e s , have b e e n s e l e c t e d for f u r t h e r investigation.
2 M e a s u r e m e n t s of hot h a r d n e s s o v e r the t e m p e r a t u r e r a n g e f r o m 200 to 900 C Specimens w e r e p r e p a r e d by rolling a r c -c a s t buttons to s h e e t f r o m an 850 C h e l i u m f u r n a c e a n d annealing at 700 C f o r 4 h r followed by f u r n a c e cooling. P i e c e s 1 by 3 / 4 by 0 . 0 7 0 in. w e r e p r e p a r e d in t r i p l i c a t e f o r c o r r o s i o n t e s t i n g by s h e a r i n g f r o m f a b r i c a t e d sheet. Approximately 0 . 0 0 3 in. was machined f r o m e a c h s u r f a c e and a n additional 0. 0 0 2 in. was pickled f r o m the su::faces ( 4 5 volume p e r cent "03-5 vo1u;ne p e r c e n t HF-50 volume p e r cent H 2 0 pickle solution).
C o r r o s i o n testing h a s b e e n completed. i m p r o v e d the c o r r o s i o n r e s i s t a n c e of t h e s e alloys. In the alloys containing 4 . 0 w / o t i n , 29 of 3 2 alloys f e l l within the m a x i m u m c o r r o s i o n p a r a m e t e r . denum o r niobium does not a p p e a r t o i m p r o v e c o r r o s i o n r e s i s t a n c e , nor i n many alloys d o e ; it a p p e a r to be g r e a t l y d e t r i m e n t a l . ening effect of the individual alloying e l e m e n t s as r e f l e c t e d by the h o t -h a r d n e s s v a l u e s . I n c r e a s e s of 2 . 0 w / o tin, other e l e m e n t s remaining constant, produce a significant i ncre,2se in h a r d n e s s of alloys a t 300 C. a n d niobium contents a l s o produce significant i n c r e a s e s i n h a r d n e s s . Table A-3 shows t h e s e effects at 300 C. 7 0 0 C .
In g e n e r a l , i n c r e a s i n g the tin content h a s
The addition of molybIt is difficult to s e p a r a t e the r e l a t i v e s t r e n g t h -C o r r e s p o n d i n g i n c r e a s e s in total molybdenum
The effect is evident o v e r t h e t e m p e r a t u r e range f r o m 200 t o Table A-2 shows the alloys a n d t h e i r p r o p e r t i e s whic'h this s u r v e y indicates shoilld b e investigated f u r t h e r . t h e s e s e v e n have the b e s t combination of all p r o p e r t i e s . e r e n c e alloy. S e v e r a l other alloys have favorable p r o p e r t i e s , but Z i r c a l o y -2 i s l i s t e d a s a r e f - R e s e a r c h will be d i r e c t e d toivard deve:lopment of sink-float density m e a s u r e m e n t s a s ;t method of identifying f a c t o r s affecting irradiation-induced volume changes in g r a p h i t e .
Modification and improvement of the e x p e r i m e n t a l method a r e under way. L i m itations of the method will be determined. in p a r t i c l e s i z e on sink-float density m e a s u r e m e n t s .
Studies will include the effect of v a r i a t i o n s
When the e x p e r i m e n t a l method has been adequately developed, s a m p l e s of uni r r a d i a t e d r e a c t o r -g r a d e graphite will be m e a s u r e d . T h e s e s a m p l e s will be sent to another s i t e f o r h i g h -t e m p e r a t u r e i r r a d i a t i o i to v a r i o u s e x p o s u r e s . Sink-float density m e a s u r e m e n t s will be repeated a f t e r i r r a d i a t i o n t o d e t e r m i n e changes.
PreDaration of Molvbdenum Sinele C r v s t a l s J . A. DeMastry, F. R. S h c b e r , a n d R . F. Dickerson Single c r y s t a l s of high-purity molybdenum a r e to be p r e p a r e d f o r i r r a d i a t i o ndamage studies.
A modified Andrade furnace h a s been constructed to grow molybdenum single c r y s t a l s . indicated that t e m p e r a t u r e s sufficiently high t o grow single c r y s t a l s could not b e m a i ntained for long p e r i o d s of t i m e . obtained and a r e being p r e p a r e d for testing i n the furnace.
P r e l i m i n a r y e x p e r i m e n t s with seTreral 1 / 4 -i n . The length of t i m e and exact t e m p e r a t u r e n e c e s s a r y to grow single c r y s t a l s of molybdenum have not been established. eight o r t e n single c r y s t a l s of 1 /8-in. -diameter r o d will b e p r e p a r e d . of the molybdenum single c r y s t a l s , a n attempt will be made t o p r e p a r e s e v e r a l z i r c onium c r y s t a l s .
0nc:e t h e s e p a r a m e t e r s have been e s t a b l i s h e d , Radiographic examination a n d s ectioniTg of e x t r u s i o n b i l l e t s of aluminum-35 w / o The e v a lu r a n i u m c a s t by centrifugal techniques r e v e a l e d e s s e n t i a l l y sound m a t e r i a l . uat on of t h e aluminum-35 w / o u r a n i u m alloys containing 3 a / o p e r cent t e r n a r y a d d itioris is continuing. T h e r m a l a n a l y s e s and f3brication s t u d i e s a r e being conducted on t h e ;e alloys.
A s e r i e s of nickel-plated u r a n i u m slugs h a s been clad with aluminum and shipped to znother s i t e f o r evaluation. p r o g r a m of study.
T h e p r e p a r a t i o n of t h e s e s p e c i m e n s c o m p l e t e s this
The p r o g r a m concerned with t h e improvement of the c o r r o s i o n r e s i s t a n c e of high-
The r e s u l t s of t h i s study indicate t h a t the c o ru r a n i u m fuel alloys h a s been completed. r o s i o n life of u r a n i u m can be i n c r e a s e d by a f a c t o r of 2 to 3 and t h e l i f e of u r a n i u m -2 w / o z i r c o n i u m c a n b e i n c r e a s e d by a f a c t o r of 1 . 5 to 2 by t e r n a r y additions.
Continued e m p h a s i s h a s been placed upon t h e acquisition of information pertaining t o t h e engineering p r o p e r t i e s and applications of u r a n i u m m o n o c a r b i d e . C e r t a i n d es i r e d d a t a a r e v e r y l i m i t e d ; t h e r e f o r e , f u t u r e work will e m p h a s i z e the appl.ication of p r o p e r t y data t h a t a r e obtainable to calculations designed to p r e d i c t t h e p e r f o r m a n c e of UC u n d e r r e a c t o r -operating conditions. Pr eDa ration of Aluminum -Uranium Allovs N . E. Daniel, E . L. F o s t e r , a n d R . F. D i c k e r s o n I n t e r e s t i n aluminum-uranium alloys clad with aluminum f o r u s e a s f u e l s in l o wt e m p e r a t u r e water-cooled a n d -moderated rlzactors is r e f l e c t e d in p r e s e n t efforts t o p r e p a r e m o r e s a t i s f a c t o r y f u e l s of t h i s type. em1)loy alloys containing 20 w / o o r l e s s of u r a n i u m in t h e f o r m of flat-plate-type fuel e l e m e n t s clad in aluminum. f a i r l y well established. However, it is d e s i r a b l e t o i n c r e a s e t h e f u e l loading of t h e s e r e a z t o r s and t h e r e b y r e a l i z e a n economy in both f u e l handling and n e u t r o n utilization. When the u r a n i u m content of t h e a l l o y s i s substantially i n c r e a s e d , two m a j o r difficulties a r e encountered. to t h e density d i f f e r e n c e s between t h e solid a n d t h e liquid during f r e e z i n g a n d t o t h e l a r g e f r e e z i n g r a n g e of t h e alloys. evolution of hydrogen during solidification.
Most of the r e a c t o r s now using t h e s e f u e l s T h e technique f o r the production of t h e s e e l e m e n t s is T h e s e a r e s e g r e g a t i o n and p o r o s i t y . The s e g r e g a t i o n i s due The porcssity i s a t t r i b u t e d to s h r i n k a g e a n d t o the One fuel e l e m e n t now being c o n s i d e r e d c o n s i s t s of a n aluminum-35 w / o u r a n i u m -
The envisioned technique f o r t h e p r o d u calloy tube clad i n s i d e a n d out with a l u m i n u m , tion of t h e s e e l e m e n t s r e q u i r e s casting i n the f o r m of a hollow r i g h t cylinder. suitable cleanups, t h e cylinder would then be coextruded with aluminum t o f o r m t h e tubular fuel e l e m e n t . B-2 encountered i n casting s i m p l e s h a p e s a r e magnified. concerned with centrifugally casting suitable e x t r u s i o n billets is now i n p r o g r e s s .
T h e r e f o r e , a p r o g r a m of study The evaluation of a s e r i e s of castings containing 35 w / o u r a n i u m h a s been c o mpleted. This evaluation included c h e m i c a l a n a l y s e s , radiographic examinations, and m a c r o s c o p i c examinations of sections cut f r o m t h e ingots. vealed that a r e a s of high u r a n i u m concentration w e r e located in t h o s e sections of the ingot w h e r e the molten m e t a l was introduced. d r a s t i c a l l y toward t h e a r e a s f a r t h e s t away f r o m t h e point of e n t r y of the m e l t .
o v e r -a l l v a r i a t i o n i n u r a n i u m content was f r o m 5 t o 8 w / o . The c h e m i c a l a n a l y s e s r e -T h e concentration of the u r a n i u m f e l l off T h e Radiographic examination and sectioning r e v e a l e d e s s e n t i a l l y sound m a t e r i a l in the m a j o r portion of the ingots. of t h e m e l t . pouring spout i s introduced. troduction of the molten m e t a l into any portion of the mold that the o p e r a t o r d e s i r e s . This a l s o i s expected to d e c r e a s e the v a r i a t i o n in u r a n i u m content along the length of the ingot.
T h e p o r o s i t y that was found was attributed to shrinkage It is believed that m u c h of this will be eliminated a s soon as the movable T h i s m e c h a n i s m is now completed and will p e r m i t t h e i n -A c o n c u r r e n t p r o g r a m concerned with t h e i m p r o v e m e n t of the casting and f a b r icating c h a r a c t e r i s t i c s of aluminum-uranium alloys h a s been concentrated upon t h o s e alloys which exhibit the g r e a t e s t change i n compoundformation with 3 a / o alloy additions. proved g r e a t l y by e i t h e r refining t h e p r i m a r y compounds o r by reducing the amount of compound p r e s e n t i n the a s -c a s t s t r u c t u r e . palladium i n c r e a s e the h a r d n e s s of b i n a r y a l u m i n u m -u r a n i u m alloys on t h e o r d e r of 50 p e r c e n t , in t h e alloys containing copper and niobium. palladium was relatively fine, with a n a p p a r e n t d e c r e a s e i n t h e p e r c e n t a g e of p r i m a r y compound p r e s e n t . t u r e s a r e tin and sodium. cability, a s e r i e s of alloys h a s been p r e s s f o r g e d at 1 0 0 0 F. t h e s e s p e c i m e n s failed to r e v e a l extensive edge cracking i n any of the m a t e r i a l s t e s t e d a f t e r approximately 45 p e r cent reduction i n length. o c c u r r e d i n any n u m b e r of t h e s e a l l o y s ; t h e r e f o r e , the s p e c i m e n s a r e being examined by m e t a l l o g r a p h i c techniques to d e t e r m i n e the extent of m i c r o c r a c k i n g p r e s e n t and w h e r e t h e s e c r a c k s a r e initiated. a n a l y s e s utilizing a platinum-platinum 1 0 w / o rhodium thermocouple embedded in the s p e c i m e n s .
T h e s e c u r v e s will be used in conjunction with t h e m e t a l l o g r a p h i c examinations to d e t e r m i n e if the p e r i t e c t i c r e a c t i o n of UAl3 with liquid to f o r m UAl4 o c c u r s in the alloys containing the t e r n a r y additions. evidence of the above r e a c t i o n o c c u r r i n g , it can b e a s s u m e d that no UA14 is f o r m e d i n the alloy.
It is believed that the fabricating c h a r a c t e r i s t i c s of t h e b i n a r y alloys can b e i mIt w a s found that c o p p e r , niobium, a n d Metallographic examinations of t h e s e alloys r e v e a l e d v e r y c o a r s e s t r u c t u r e s T h e s t r u c t u r e of the alloy containing
Other alloy additions which have produced fine a s -c a s t m i c r o s t r u c -T h e v i s u a l examination of
In an e f f o r t to evaluate the effect of p a r t i c l e s i z e on f a b r iHowever, m i c r o c r a c k i n g m a y have
The a l l o y s a r e a l s o being subjected to t h e r m a l Both cooling and heating c u r v e s a r e being obtained.
If t h e r e is no evidence of UAl4 i n the m i c r o s t r u c t u r e and if t h e r e is no F u t u r e studies will be conducted on both p h a s e s of the p r o g r a m -casting and t e r n a r y additions. protection of the molten m e t a l . additions will continue to be concentrated upon the evaluation of the m e l t s that have been m a d e to date.
The casting s t u d i e s will u s e a movable pouring spout and i m p r o v e d T h e portion of the p r o g r a m concerned with the t e r n a r y However, an i n c r e a s e d e f f o r t will b e m a d e to d e t e r m i n e the m e c h a n i s m The cladding of i n t e r n a l l y a n d externally cooled fuel e l e m e n t s consisting of a nickel-plated u r a n i u m c o r e clad with aluminum i s being investigated. P r e s s u r e bonding;, a technique which i n c o r p o r a t e s h i g h -p r e s s u r e g a s and elevated t e m p e r a t u r e t o o bt a i n a m e t a l l u r g i c a l bond between c o r e and cladding, i s being investigated a s a method of p r e p a r i n g t h i s type of fuel element.
The additional u r a n i u m slugs prepare13 during June by bonding 1 h r at 950 F a n d Studies concerned with g a s -p r e s s u r e bonding of nickel-plated u r a n i u m e l e m e n t s ha\ve been concluded, and a r e p o r t covering the r e s u l t s of t h i s study is being p r e p a r e d .
Development of a N a t u r a l -U r a n i u m F u e l Alloy With ImDroved C o r r o s i o n R e s i s t a n c e M . S. F a r k a s , A. A. B a u e r , and R . F. D i c k e r s o n Development of a high-uranium f u e l a l l o y that p o s s e s s e s i m p r o v e d c o r r o s i o n r esis1:ance i n 300 C w a t e r is being p u r s u e d . P.lloy composition i s l i m i t e d t o a n addition of 4 w / o z i r c o n i u m o r i t s equivalent in t e r m s of the r e s u l t a n t alloy t h e r m a l -n e u t r o n c r o s s section. alloy i s being sought.
C o r r o s i o n life g r e a t e r than t h a t exhibited by t h e u r a n i u m -2 w / o z i r c o n i u m F o u r c o r r o s i o n t e s t s have been conducted on g r o u p s of 17 alloys in which t h e nominal compositions do not exceed t h e c r o s s -s e c t i o n l i m i t noted above. w e r e c a r r i e d out on s p e c i m e n s m e a s u r i n g 11'4 by 1 by a p p r o x i m a t e l y 0 . 0 6 in. s e l c c t e d f o r testing w e r e s e a l e d i n a n autoclz~ve, which was then flushed with a r g o n and evacuated s e v e r a l t i m e s . T h e autoclave w a s heated to 300 C , and p r e h e a t e d w a t e r w a s admitted. t h e cooling autoclave w a s flushed with cold a r g o n . w a t e r quenching the autoclave f r o m 204 C.
T h e tests Alloys C o r r o s i o n p r o c e e d e d f o r 15 m i n ; s t e a m w a s r e l e a s e d f r o m the autoclave, and F u r t h e r cooling was achieved by R e s u l t s of the f i r s t t h r e e c o r r o s i o n t e s t s a r e r e p o r t e d in BMI-1273. The f o u r t h T h i s t e s t w a s p e r f o r m e d t o c o m p a r e t h e c o rand final t e s t i s r e p o r t e d in Table B-1. r o s i o n r a t e s of aged and slowly cooled a l l o y s . r a t e s f o r aged u r a n i u m -z i r c o n i u m alloys a r e t h e s a m e or slightly l o w e r than f o r a l l o y s in the slowly cooled condition. additions of a l u m i n u m , niobium, platinum, o r ruthenium show h i g h e r c o r r o s i o n r a t e s in the aged condition.
T h e s e r e s u l t s indicate that the c o r r o s i o n However, t h e u r a n i u m -z i r c o n i u m a l l o y s with t e r n a r y The c o r r o s i o n life of u r a n i u m c a n be i n c r e a s e d by a f a c t o r of 2 to 3 and the life of u r a n i u m -2 w / o z i r c o n i u m c a n b e i n c r e a s e d by a f a c t o r of 1. 5 to 2 by t e r n a r y alloying.
The d e g r e e of i m p r o v e m e n t in c o r r o s i o n life v a r i e s with heat t r e a t m e n t .
L i t e r a t u r e Survev f o r t h e ADDraisal of U r a n i u m Monocarbide a s a P o s s i b l e Nuclear F u e l .
J . B. Melehan, A. A. B a u e r , a n d R . F. D i c k e r s o n E f f o r t s have continued on gathering information concerned with the s c i e n c e of u r a n i u m monocarbide and i t s engineering p r o p e r t i e s and applications. r e f e r e n c e s have been reviewed and, although additional r e p o r t s r e m a i n t o b e consulted, i t i s a p p a r e n t that the m a j o r p a r t of p a s t r e s e a r c h effort h a s dealt with the p r e p a r a t i o n of the c a r b i d e p h a s e s f o r the d e t e r m i n a t i o n of relationships i n t h e u r a n i u m -c a r b o n s y s t e m , and the determination of physical p r o p e r t i e s . R e p o r t s show that U C has little tendency to r e a c t e i t h e r with NaK up to 1300 F or with bismuth a t 1100 F. D e s t r u c t i v e hydrolysis r e a c t i o n s a r e known to o c c u r with w a t e r even a t a m b i e n t t e m p e r a t u r e s , and U C oxidizes rapidly in air a t elevated t e m p e r a t u r e s . dynamic and c h e m i c a l p r o p e r t i e s , and behavior under r e a c t o r -o p e r a t i n g conditions a r e v e r y limited. However, on the b a s i s of c r y s t a l s t r u c t u r e , t h e r m a l conductivity, and m e c h a n ic a l p r o p e r t i e s , i t m a y be possible to m a k e s 3 m e predictions concerning behavior of u r a i i u m c a r b i d e a s a fuel. prollucts is r e p o r t e d to depend upon t h e density of i n t e r s t i t i a l l a t t i c e s i t e s and the conzentration and distribution of porosity. l i s h the limiting i n t e r n a l s t r e s s e s which may b e i m p o s e d upon the l a t t i c e by a c c u m ul a t i i g f i s s i o n p r o d u c t s . t e m p e r a t u r e distribution, which i s controlled by the coefficient of t h e r m a l conductivity, In addition, the diffusion of f i s s i o n products Erom the fuel m a t e r i a l will d e t e r m i n e the s t r e n g t h p r o p e r t i e s r e q u i r e d by a cladding designed t o p r o t e c t the f u e l a n d contain f i s s i o n products. operating t e m p e r a t u r e f o r the f u e l and, hence, the optimum g e o m e t r y of fuel e l e m e n t s .
The capacity of i~ fuel m a t e r i a l to a c c o m m o d a t e f i s s i o n
The moduli of r u p t u r e a n d e l a s t i c i t y e s t a b -T h e s e two moduli a -e , i n t u r n , functions of the i n t e r n a l -T h e s e s e v e r a l i n t e r r e l a t e d f a c t o r s ultimately d e t e r m i n e the m a x i m u m h f u t u r e work, e m p h a s i s will b e placed on applying such p r o p e r t y data a s can be Two studies have been initiated a s p a r t of the p r o g r a m of the Office of Lndustrial Devl2lopment of the AEC. r i a l s t r a p p e d i n inclusion compounds, and ( 2 ) the use of radioactive t r a c e r s for indust r i a l quality c o n t r o l .
T h e s e studies a r e on (1) radiation c h e m i s t r y of organic m a t eInclusion compounds have been p r e p a r e d and initial i r r a d i a t i o n s w e r e s t a r t e d d u ring ,July. t u r e to s e l e c t specific quality-control p r o c e d u r e s f o r investigation,
The effort on the t r a c e r study h a s been devoted to r e v i e w of p e r t i n e n t l i t e r aRadiation C h e m i s t r y of h c l u s i o n Compounds M . J . Oestmann, J . L. M c F z r l i n g , and W . S. Diethorn C e r t a i n inorganic and o r g a n i c molecule s a r e t r a p p e d in cagelike m o l e c u l a r s t r u ct u r e s when the cage component is c r y s t a l l i z e d in the p r e s e n c e of t h e s e s u b s t a n c e s . t h e s e s o -c a l l e d inclusion compounds both the cage component, the "host", and the "guest" Component r e t a i n t h e i r c h e m i c a l identity. t h i o u r e a , and the quinones. g a s c s , and the hydrocarbons and t h e i r derivz.tives. physical stability of an inclusion compound i s d e t e r m i n e d l a r g e l y by the s i z e of the guest m o l z c u l e . components by dissolving the compounds in w a t e r . s i o n s and the t r a p p e d guest m o l e c u l e s a r e r e s t r i c t e d i n t h e i r t r a n s l a t i o n a l motion and contact with neighboring guest m o l e c u l e s . radiation c h e m i s t r y of the guest m o l e c u l e s will be different f r o m t h a t f o r the s a m e m o l ec.ules in the gaseous o r liquid s t a t e .
In
Typical h o s t m o l e c u l e s include u r e a , F o r a given h o s t the f o r m a t i o n and
Guest moleculezi include a v a r i e t y of inorganic and i n e r t U r e a and thiourea inclusion compounds a r e decomposed r e a d i l y into t h e i r Cage s i z e s a r e of m o l e c u l a r diinen-T h e s e l a t t e r r e s t r i c t i o n s suggest that the C u r r e n t l y being investigated i s the radiation c h e m i s t r y of inclusion compounds which m a y have possible application i n the a r e a of radiation p r o c e s s i n g . of t h i s study i s to investigate the feasibility of using inclusion compounds a s a m e a n s of i n c r e a s i n g the radiation yields of d e s i r a b l e products f r o m s e l e
c t e d h y d r o c a r b o n s and t h e i r d e r i v a t i v e s . P o s s i b l e applications in radiation p r o c e s s i n g include the f o r m a t i o n of branched h y d r o c a r b o n s f r o m s t r a i g h t -c h a i n hydrocarbons and the s y n t h e s i s of novel products by radiation-induced r e a c t i o n s between h o s t and guest m o l e c u l e s .
The objective During J u l y , the pertinent l i t e r a t u r e on inclusion compounds was s u r v e y e d and s i x compounds s e l e c t e d f o r the initial i r r a d i a t i o n e x p e r i m e n t s using u r e a a n d t h i o u r e a a s the h o s t s as indicated on the following page. T h e s e compounds and o t h e r s to be p r e p a r e d next month will be i r r a d i a t e d to a t o t a l dose of l o 8 r a d s . Following t h e s e i r r a d i a t i o n s s e v e r a l of the compounds will be s e l e c t e d f o r c h e m i c a l a n a l y s e s and the n a t u r e and yields of the r a d i o l y s i s products d e t e r m i n e d . chromatography methods a r e being e x p l o r e d f o r the c h e m i c a l a n a l y s e s .
GasDevelopment of Radioactive-T r a c e r Quality-Control S y s t e m D. N . Sunderman, J . E . Howes, a n d M . P o b e r e s k i n
An investigation h a s been undertaken t o e s t a b l i s h the feasibility of the developm e n t of r a d i o t r a c e r s y s t e m s f o r p r o c e s s and quality c o n t r o l . by developing and demonstrating the a p p r o p r i a t e r a d i o c h e m i c a l analytical techniques on a l a b o r a t o r y -s c a l e p r o c e s s . T h i s m a y be accomplished
The r e s e a r c h p r o g r a m will be executed i n the following m a n n e r :
A study will be m a d e of ASTM a n a l y t i c a l p r o c e d u r e s p r e s e n t l y in u s e i n v a r i o u s operating p r o c e s s e s . One p r o c e s s will be selected f o r f u r t h e r development on the b a s i s of complexity and c o s t of the s t a n d a r d analytical techniques.
Analytical p r o c e d u r e s b a s e d on the u s e of r a d i o t r a c e r s will be developed a s substitutes f o r the p r o c e d u r e s e s t a b l i s h e d in
Step ( 1 ) .
Using a l a b o r a t o r y -s c a l e p r o c e s s a s a s o u r c e of s a m p l e s , the radiot r a c e r techniques will be c o m p a r e d with the s t a n d a r d ASTM m e t h o d s , C o m p a r i s o n will be b a s e d on e a s e of a n a l y s i s , p r e c i s i o n , t i m e , and c o s t .
The study of ASTM analytical p r o c e d u r e s and o t h e r pertinent l i t e r a t u r e h a s been initiated. m e n t a l work will be initiated during August. 2 1
The study of the importance of the f a c t o r s involved i n the solidification of the u r a n i u m casting i s the objective of t h i s p r o g r a m .
To d a t e , the t h e o r e t i c a l considerations have been evaluated, and a m a t h e m a t i c a l m o d e l of the heat flow f r o m the ingot has been formulated. The i n i t i a l solutions f r o m the m a t h e m a t i c a l m o d e l have a p p e a r e d r e a s o n a b l e , and a n e x p e r i m e n t a l p r o g r a m h a s b e e n initiated to provide data f o r c o m p a r i s o n with the calculated r e s u l t s .
Solidification of Uranium E . L. F o s t e r , C . K. F r z n k l i n , B. L. F l e t c h e r , B. Schwartz, and R . F. D i c k e r s o n Initial s m a l l -s c a l e casting e x p e r i m e n t s have been completed. The objective of t h e s e e x p e r i m e n t s was to m e a s u r e and r e c o r d t e m p e r a t u r e s i n the casting and m o l d m a t e r i a l s during the cooling period. will be c o m p a r e d with d a t a obtained by calculation of the heat flow. B a s e d o n t h e s e c o m p a r i s o n s , evaluation of the v a r i o u s casting f a c t o r s p r e s e n t during the c a s t i n g of u r a n i u m ingots of production s i z e will be m a d e .
The t e m p e r a t u r e data which have b e e n r e c o r d e d Two ingots, 3 by 20 in. and approximately 100 lb i n weight, w e r e c a s t . E a c h m e l t w a s held f o r 5 m i n a t 2550 F and subsequently poured into a cold graphite mold und1:r a vacuum of 50 x ser.u.ed for the m e l t s . mm of m e r c u r y . A pouring t i m e of about 15 s e c was obThe p r o c e d u r e u s e d to obtain t e m p e r a t u r e h i s t o r i e s w a s to place t h e r m o c o u p l e s in the mold i n such a m a n n e r a s to m e a s u r e t e m p e r a t u r e s i n the m e t a l at horizontal positions 0. 25, 0 . 7 5 , and 1.50 in. f r o m the ingot s u r f a c e and v e r t i c a l l y on the outside mold wall a t i n t e r v a l s of 5 i n . One thermocouple w a s placed flush with the inside wall of the mold. jacket and a t the bottom of the c r u c i b l e s u p p o r t . The t h e r m o c o u p l e s a t t h e s e positions r e c o r d e d the t e m p e r a t u r e s i n the i m m e d i a t e surroundings of the mold a n d ingot.
In addition, thermocouples w e r e p l a c e d o n the inside wall of the f u r n a c e P r e l i m i n a r y examination of the t h e r m a l d a t a t a k e n during the c a s t i n g o p e r a t i o n s
In the m e t a l i t s e l f , s o m e l o s s of information o c c u r r e d T e m p e r a t u r e s of 200 and 700 F w e r e noticed at the f u r n a c e wall a n d a t the c r usho-us that t e m p e r a t u r e s as high as 925 F e x i s t e d a t the outer s u r f a c e s of t h e m o l d walls durjng the cooling of the ingot. as 2. r e s u l t of m e c h a n i c a l f a i l u r e of the t h e r m o c o u p l e s positioned a t the c e n t e r of the ingot. cible s u p p o r t s , respectively. F u r t h e r c a s t i n g s will be p r e p a r e d by the s a m e technique i n o r d e r to m o r e definitely e s t a b l i s h t e m p e r a t u r e fields i n v a r i o u s a r e a s of the mold and ingot. E a c h c a s t i n g will be sectioned to d e t e r m i n e the exact loca.:ion of the thermocouples and to o b s e r v e the a s -cast g r a i n s t r u c t u r e s . With the e x p e r i m e n t a l work now under way, t h e p r o g r a m f o r calculation of the heat flow i n the casting i s being adapted t o the e x p e r i m e n t a l -s i z e ingot. the i n t e r p r e t a t i o n of the r e s u l t s obtained, the actual machine calculations a r e being withheld until the position of the thermocouples i s definitely e s t a b l i s h e d by sectioning the ingot; t h i s should reduce the amount of interpolation n e c e s s a r y i n subsequent c o mp u t e r r u n s to c o m p a r e calculated with e x p e r i m e n t a l r e s u l t s . E-1 and E-2
The p u r p o s e of t h i s study i s to investiglite the p o s s i b i l i t i e s of applying a thin p r otective coating of molybdenum on the i n t e r i o r s u r f a c e s of the r e a c t o r system. e l e c t r o l e s s and vapor-plating techniques a r e being studied a s p o s s i b l e m e a n s of attaining the coating.
Both
E l e c t r o l e s !j P l a t i n g R. W. Hardy, J. McCallum, and C. C. F a u s t During July, f o u r different G r i g n a r d r e a g e n t s w e r e u s e d to r e d u c e molybdenum
The G r i g n a r d r e a g e n t s w e r e methyl m a gpentachloride i n s e v e r a l o r g a n i c solvents.
ne s i u m bromide , ethyl magne sium bromide , {ethyl magne s i u m c h l o r i d e , and n-butyl m a g n e s i u m chloride, all as 3 M solutions i n ether. The solvents u s e d w e r e diethyl e t h e r , dibutyl e t h e r , benzene, toluene, and xylene, Reduction of the molybdenum pentachloride did not p r o c e e d to the m e t a l l i c state but a p p a r e n t l y stopped a t a n i n t e rmediate ( k 2 , + 3 , o r +4) valence s t a t e with the f o r m a t i o n of a n insoluble molybdenum compound. denum pentachloride indicate that sufficient driving f o r c e e x i s t s f o r the reduction to the metal.
Potential m e a s u r e m e n t s i n the solutions of G r i g n a r d r e a g e n t s and of molyb-F u t u r e work will be with G r i g n a r d r e a g e n t s , using o t h e r molybdenum compounds and o t h e r solvents.
Vapor P l a t i n g C. F. Powell and I. E. Campbell Work during J u l y w a s concerned with the p r e p a r a t i o n of 2 lb of molybdenum pentachloi*ide, with deposition of molybdenum on Croloy 2-1 / 4 s p e c i m e n s by t h e r m a l d e c o mposition of molybdenum hexacarbonyl a t 500 t o 600 C, and with molybdenum deposition on Croloy 2-1/4 by hydrogen reduction of molybdenum hexachloride v a p o r at 750 to 8 0 0 C. The imolybden&n coatings obtained f r o m the c a r b o n y l w e r e m u c h thinner than d e s i r e d , but urere adherent. Difficulty w a s experienceld i n maintaining a u n i f o r m s p e c i m e n t e mp e r a t u r e of a c c u r a t e l y known value with the type of s p e c i m e n on hand. tained f r o m the hexachloride w e r e a d h e r e n t , except on two s p e c i m e n s coated a t the l o w e r end clf the r a n g e of deposition t e m p e r a t u r e u s e d , and w e r e 0. 5 to 1. 0 mil thick. coatings w e r e slightly thinner than is d e s i r e d f o r t e s t i n g , so h e a v i e r coatings ( 3 to 5 mils thick) will be applied to additional specimens. Work will then be r e s u m e d on studying the vapo:r deposition of molybdenum f r o m the pentachloride and hexacarbonyl a t around 550 (;. The f i r s t phase of the work concerned with valence effects of oxide additions t o u r a n i u m dioxide is complete and future work will be concerned with obtaining a m a j o r reduction in the additive n e c e s s a r y to prevent oxidation, a t t e m p t s to stabilize U 0 2 . T h o 2 bodies by other additive oxides, and m o r e detailed studies of oxidation behavior.
Improved p r e s s u r e equipment will be c o n s t r u c t e d f o r u s e i n the s y n t h e s i s of new m a t e r i a l s . the -mal gradient. m o d e r a t o r s is continuing. p r e p a r a t i o n f o r s t r u c t u r a l studies by h i g h -t e m p e r a t u r e X -r a y diffraction. tion capsule for operation at 1500 F h a s been completed and is r e a d y f o r loading in the MTR.
The m a i n disadvantage of p r e s e n t equipment h a s b e e n a n exceptionally high
The investigation of hydr tdes of u r a n i u m -z i r c o n i u m alloys a s fueled
One i r r a d i a -S a m p l e s c o n t a i n i i g 1 to 50 w / o u r a n i u m w e r e hydrided in
The second capsule f o r operation at !.lo0 F will be loaded during August.
The responsibility f o r , and d i r e c t i o n of, a n i r r a d i a t i o n -d a m a g e p r o g r a m to d e t e rmine the extent of damage to Type 347 s t a i n l e s s s t e e l i n f a s t -n e u t r o n fluxes in the c o r e of the ETR h a s been a s s u m e d . The p r o g r a m is designed to d e t e r m i n e changes in physical p r o p e r t i e s c a u s e d by continued e x p o s u r e t o f a s t fluxes a f t e r e x p o s u r e a t v a r i o u s flux l e v e l s up to 14 to 16 x nvt. and subsize Izod impact s p e c i m e n s will be exposed and t e s t e d . T e n s i l e , c y c l i c -s t r a i n fatigue, C h a r p y V-notch, Valence Effects of Oxide Ad'3ition to U r a n i u m Dioxide
W. B. Wilson and C . M. Schwartz
The p u r p o s e of t h i s p r o j e c t is t o gain fundamental information on the effects of m a j o r additions of divalent and t r i v a l e n t cation oxides to u r a n i u m oxide when the l a t t e r i s subjected to oxidation. i s heing p r e p a r e d .
The f i r s t phase of the work i s n e a r l y complete and a r e p o r t F u t u r e work will be d i r e c t e d t o w a r d t h r e e objectives:
(1) Utilizing the information obtained f r o m p r i o r r e s e a r c h , e f f o r t s will be d i r e c t e d toward a m a j o r reduct.ion of additive n e c e s s a r y to p r e v e n t oxidation and sublimation of the volatile oxide.
(2) The oxidation c h a r a c t e r i s t i c s of U(32-T h o 2 bodies a p p e a r capable of considerable improvement through u s e of other additive oxide. i n t h i s a r e a will be d i r ( 3 ) More detailed studies of oxidation and its "prevention" will continue in o r d e r that p r i n c i p l e s involved m a y be applied to other volatile oxide s y s t e m s .
Hieh-P r e s s u r e Hieh-T e m p e r a t u r e Solid-state Studies W . B. Wilson and C . M . Schwartz T h i s p r o j e c t was initiated to investigate the effects of p r e s s u r e , a s a new d e g r e e of f r e e d o m not conventionally u s e d , in producing new m a t e r i a l s f o r u s e a s hight e m p e r a t u r e r e a c t o r components. effects of p r e s s u r e on u r a n i u m oxide and u r a n i u m oxide with c e r t a i n additives, such a s BeO, L a 2 0 3 , Sc2O3, e t c . E x p e r i m e n t a l studies a r e continuing to d e t e r m i n e the h i p r o v e d p r e s s u r e equipment, to be u s e d in synthesis-type w o r k , w i l l be cons t r u c t e d on the b a s i s of e x p e r i e n c e with the p r e s e n t equipment. vantage of p r e s e n t equipment h a s been too high a t h e r m a l g r a d i e n t . tively l a r g e uncertainty in the t e m p e r a t u r e of the s a m p l e . to m i n i m i z e t h i s .
The p r i n c i p a l disad-T h i s l e d to a r e l aThe new design will a t t e m p t Capsule BMI-20-1, which contains both fueled and unf o r possible use in gas-cooled r e a c t o r s is continuing. w / o u r a n i u m s a m p l e s w e r e hydrided, in p r e p a r a t i o n for s t r u c t u r a l studies by hight e m p e r a t u r e X -r a y diffraction. fueled zirconium hydride s p e c i m e n s f o r radiation-damage s t u d i e s , h a s been completed.
S t r u c t u r e and P r e s s u r e -ComDo sition-T ei-npe r a t u r e Studie s Alloys of zirconium containing 1 and 50 w / o u r a n i u m , which w e r e f a b r i c a t e d into I O -m i l w i r e , w e r e hydrided to l e v e l s of 10, 30, and 50 a / o hydrogen ( b a s e d on the z i rconium content).
610 to 620 C for 3 h r . b a r s of alloy to get a hydrogen uptake l a r g e enough f o r a c c u r a t e m e a s u r e m e n t .
Suitably hydrided s a m p l e s w e r e obtained by r e a c t i o n with hydrogen at However, i t was found n e c e s s a r y to supplement the w i r e s with T h e s e hydrided alloy w i r e s will now be examined by X -r a y diffraction at 500, 600, 700, and 8 0 0 C in o r d e r to e s t a b l i s h the s t r u c t u r e of the condensed p h a s e s . mination of hydrogen-absorption i s o t h e r m s will now be r e s u m e d , using zirconium-25 w / o u r a n i u m alloy. The zirconium hydride s p e c i m e n s w e r e ,>aded into Capsu : BMI-20-1, and the c h a m b e r surrounding them was filled with hydrogen and s e a l e d . shell was then a s s e m b l e d and loaded with N a K . pletion of Capsule BMI-20-2, which i s identical with Capsule BMI-20-1. design c e n t e r -l i n e t e m p e r a t u r e of the seconc capsule i s 1100 F, a s c o m p a r e d with 1500 F f o r the f i r s t .
The o u t e r capsule Work h a s been s t a r t e d toward the c o mHowever, the I r r a d i a t i o n Surveillance P r o g r a m on TvDe 347 S t a i n l e s s S t e e l F. R. Shober, A. W . H a r e , and R . F., D i c k e r s o n
The responsibility f o r , and d i r e c t i o n of, a n i r r a d i a t i o n -d a m a g e p r o g r a m to d et e r m i n e the extent of damage to Type 347 stz.inless s t e e l in f a s t -n e u t r o n fluxes i n the c o r e of the E T R h a s been a s s u m e d . KAl?L-33 loop p r o g r a m by d e t e r m i n i n g changes i n physical p r o p e r t i e s caused by continued exposure to f a s t fluxes. s t e e l a r e not adequate to p r e d i c t changes i n physical p r o p e r t i e s f o r m a t e r i a l s exposed to flux l e v e l s of 14 to 16 x a 3 -y e a r life f o r m a t e r i a l s in the C 3 3 -F -1 0 j?osition a t the E T R . p r o g r a m includes e x p o s u r e of t e n s i l e s p e c i m e n s , cyclic-s t r a i n fatigue s p e c i m e n s , and C h a r p y V-notch and subsize Izod i m p a c t s p e c i m e n s to i n c r e a s i n g a m o u n t s of i n t e g r a t e d neutron flux and d e t e r m i n a t i o n of changes in m e c h a n i c a l p r o p e r t i e s a s s o c i a t e d with the s e v e r a l l e v e l s of i r r a d i a t i o n . The l e v e l s of i r r a d i a t i o n to be investigated a r e 2.4, 4 . 8, 7 . 2, 9 . 6 , 12, and 1 4 . 7 x nvt.
The prclgram i s to supply d a t a i n support of the P r e s e n t i r r a d i a t i o n -d a m a g e d a t a on Type 347 s t a i n l e s s nvt. T h e s e l e v e l s of i r r a d i a t i o n r e p r e s e n t a p p r o x i m a t e l y The s u r v e i l l a n c e
The design of the in-pile tube h a s been based p r i m a r i l y upon the t e n s i l e p r o p e r t i e s of Type 347 s t a i n l e s s s t e e l . to E:TR p r o c e s s w a t e r and a t a p p r o x i m a t e l y (bo0 F a r e i m p o r t a n t . t e n s i l e s a m p l e s will be m a d e a t r o o m t e m p e r a t u r e and at 600 F a f t e r e x p o s u r e a t the above-mentioned flux l e v e l s to d e t e r m i n e whether t e m p e r a t u r e influences the extent of radiation d a m a g e e i t h e r during o r after e x p o s u r e . It i s thought that the t h e r m a l s t r e s s experienced by the tube i n operation will exceed the yield point of the m a t e r i a l and, hence, i t will be i m p o r t a n t to know how neutron i r r a d i a t i o n a f f e c t s the low-cycle highs t r a i n plastic fatigue s t r e n g t h of Type 347 s t a i n l e s s s t e e l . cyclic-s t r a i n fatigue c u r v e s a f t e r i r r a d i a t i o n s f o r t i m e i n c r e m e n t s equivalent to 6 months of operation f o r the in-pile tube. i r r a d i a t e d p r o p e r t i e s should indicate whether irradiation-induced changes i n t h i s p r o p e r t y m a k e it unsafe f o r loop operation. if 'Type 347 s t a i n l e s s s t e e l b e c o m e s b r i t t l e d u r i n g i r r a d i a t i o n a t l e v e l s of e x p o s u r e e xpected f o r the KAPL in-pile tube. The i m p a c t s p e c i m e n s will be i r r a d i a t e d to i n t e g r a t e d n e u t r o n fluxes equivalent to 6 rrdonths and 2 -1 / 2 y e a r s of the KAPL-33 in-pile-tube o p e r a t i o n . dat<i f r o m the i r r a d i a t e d s a m p l e s with similar p r e i r r a d i a t e d p r o p e r t i e s of the m a t e r i a l will. provide a n indication of the s t r u c t u r a l i n t e g r i t y of the in-pile-tube m a t e r i a l .
Any changes of t h e s e p r o p e r t i e s with i n c r e a s e d e x p o s u r e T e s t s of i r r a d i a t e d
The s p e c i m e n s will provide C o m p a r i s o n of t h e s e p r o p e r t i e s with p r e -I m p a c t s p e c i m e n s will be used to d e t e r m i n e Safe operation of the loop i s of p r i m e i m p o r t a n c e .
C o m p a r i s o n of t e s t The eight "cold" c a p s u l e s or those to be exposed to E T R p r o c e s s w a t e r w e r e i ns e r t e d in the F-10-NE and F-10-SE positions i n J u n e . top of e a c h capsule and on aluminum-cobalt w i r e attached i n the s a m e g e n e r a l a r e a . T h e s e will provide a m e a s u r e of fast-and t h e r m a l -n e u t r o n fluxes i n the vicinity of the e x p e r i m e n t . Loading w a s m a d e i n the F -1 0 instead of the H-,lO position, a s planned originally, for s e v e r a l r e a s o n s : ( 1 ) the H-10 position w a s not available f o r the e x p e r im e n t a t the p r e s e n t , ( 2 ) the e x p e r i m e n t i n the F -1 0 position, the position to be occupied by the in-pile tube, will r e c e i v e neutron fluxes e q u a l to those anticipated f o r the in-pile tube, and ( 3 ) 
P l a n s f o r construction of a unit to p e r f o r m
In the p r e s e n t plans f o r d o s i m e t r y to m e a s u r e the neutron f l u x , n i c k e l w i r e s w i l l A f t e r d i s c h a r g e of the d o s i m e t e r be placed in the c e n t e r and i n one c o r e -f a c e d o s i m e t e r hole and exposed simultaneously during one complete E T R cycle i n the F -1 0 position. w i r e s , s a m p l e s will be taken f r o m eight c o m p a r a b l e positions on e a c h w i r e . will r e p r e s e n t two p l a c e s f o r e a c h of f o u r c a p s u l e s i n the t e s t h o l e s , and will provide flux data f o r eight points i n two v e r t i c a l planes and two points i n eight h o r i z o n t a l p l a n e s . Sulfur m a y be used in e i t h e r o r both d o s i m e t e r h o l e s to substantiate the f a s t -f l u x d a t a d e t e r m i n e d . defined a s a nickel w i r e i n the c e n t e r d o s i m e t e r hole of the c o r e f i l t e r p i e c e , will be u s e d . t e r m i n e m o r e completely the e n e r g y s p e c t r u m of the n e u t r o n flux. The u s e of cobalt and cadmium-shielded cobalt w i r e h a s been suggested to d e -A lead o r i n s t r u m e n t e d c a p s u l e will be u s e d to check out the design of the hot c a p s u l e s and to c o r r e l a t e g a m m a f l u x with t e m p e r a t u r e of the s p e c i m e n s i n the capsule d u r i n g i r r a d i a t i o n . The expected p r o c e d u r e is a s follows:
Determination of the g a m m a profile i n e i t h e r the NW o r S W hole of the F -1 0 position with the r e a c t o r a t low power, p r e s u m a b l y a t the s t a r t of a cycle.
I n s e r t i o n of the l e a d capsule to the peak f l u x l e v e l i n the hole on which the g a m m a profile had been m a d e .
Recording the t e m p e r a t u r e of the s p e c i m e n s i n the c a p s u l e a t this t i m e during an e n t i r e cycle o r until r e a c t o r shutdown d u r i n g a cycle.
At such t i m e the lead capsule will be moved to a new position toward the top of the t e s t hole. It i:; thought that the t e m p e r a t u r e s at the peak flux l e v e l and the top of the hole c a n be m e a s u r e d during one cycle and the t e m p e r a t u r e a t i n t e r m e d i a t e points established i f t h e r e a r e s e v e r a l r e a c t o r shutdowns during one cycle. when the e x p e r i m e n t i s moved to the H-10 o r c o m p a r a b l e position. g a m m a -f l u x m e a s u r e m e n t f o r the F-10-NW and F-10-SW at the start of Cycle 3 and with the r e a c t o r power at 8 0 megawatts w a s 14 and 13 w p e r g, r e s p e c t i v e l y . c a p s u l e s w e r e designed and built on the basi:j of a n expected g a m m a flux of 25 w p e r g. This indicates that the hot c a p s u l e s will r u n .st somewhat l o w e r t e m p e r a t u r e than the anticipated 6 0 0 F i n the F -1 0 position.
This p r o c e d u r e will be r e p e a t e d
The r e p o r t e d
The hot
Attempts will be m a d e to evaluate the f'ast flux i n the F -1 0 positions so that t i m e The gamma-flux m e a s u r e m e n t s will of exposure f o r the c a p s u l e s c a n be d e t e r m i n e d . be m a d e a s soon a s possible.
STUDIES O F ALLOY FUELS R . F. Diclkerson
The development of g a m m a -p h a s e u r a n i u m alloys f o r m e r l y r e p o r t e d i n t h i s section h a s been completed, a s h a s been the study of the m e c h a n i s m of aqueous c o rrosion. E x p e r i m e n t a l work on the radiation effects of u r a n i u m -z i r c o n i u m alloys h a s bee.2 t e m p o r a r i l y r e c e s s e d .
B e c a u s e of the possible u s e of niobium-uranium a l l o y s a s a h i g h -t e m p e r a t u r e f u e l , the p r o g r a m concerned with t h e s e alloys h a s been continued. j e c t i v e s will be to study the p r o p e r t i e s of alloys containing 40, 50, 60, 7 0 , 8 0 , and 9 0 \ v / o niobium. and c o r r o s i o n c h a r a c t e r i s t i c s i n s e v e r a l e n v i r o n m e n t s . t h e s e p r o p e r t i e s will a l s o be evaluated.
The p r i m a r y ob-T h e s e will include fabricahility, m e c h a n i c a l and physical p r o p e r t i e s ,
The effect of i m p u r i t i e s on A p r o g r a m a i m e d at developing t h o r i u m -u r a n i u m alloys with i n c r e a s e d i r r a d i a t i o n E f f e c t s of i m p u r i t i e s , f a b r i c a t i o n stability and c o r r o s i o n r e s i s t a n c e h a s been initiated.
techniques, and h e a t t r e a t m e n t on distribution of the alpha u r a n i u m will be studied a s w e l l a s alloying to stabilize the g a m m a -u r a n i u m p h a s e .
Development of Niobium-Uranium Alloys J . A . D e M a s t r y , F. R. Shotjer, and R. F. D i c k e r s o n The possible u s e of niobium-uranium a l l o y s a s f u e l m a t e r i a l s h a s r e s u l t e d in a n active i n t e r e s t i n the p r o p e r t i e s of the high-niobium portion of the niobium-uranium constitution d i a g r a m . u r a n i u m -r i c h alloys ( l e s s than 20 w / o niobium). that the p r o p e r t i e s of uranium-niobium a l l o y s a r e influenced g r e a t l y by the p u r i t y of the niobium and u r a n i u m used in the p r e p a r a t i o n of a l l o y s . 3 0
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the m a j o r i m p u r i t i e s , zirconium and oxygen, upon the p r o p e r t i e s of high-niobium alloys will be investigated. physical p r o p e r t i e s , and c o r r o s i o n c h a r a c t e r i s t i c s i n s e v e r a l environments.
Those p r o p e r t i e s to be studied a r e fabricability, m e c h a n i c a l and
The alloys selected f o r study a r e uranium-40, -5 0 , -60, -7 0 , -8 0 , and -9 0 w / o niobium. t h r e e g r a d e s of niobium will be u s e d . than 300 pprn oxygen and l e s s than 200 ppm zirconium, niobium containing approxim a t e l y 8 0 0 pprn oxygen and about 1. 0 w / o zirconium, and a t h i r d g r a d e of niobium containing 8 0 0 pprn oxygen and l e s s than 0 . 5 w / o z i r c o n i u m . compositions will be p r e p a r e d using all t h r e e g r a d e s of niobium a s b a s e materials.
In o r d e r to check the e f f e c t of contamination on the p r o p e r t i e s of t h e s e a l l o y s , T h e s e a r e high-purity niobium containing l e s s E a c h of the above a l l o y F a b r i c a t i o n t e m p e r a t u r e s a r e to be e s t i m a t e d by the u s e of s p e c i a l h o t -h a r d n e s s buttons c a s t f o r t h i s purpose. H o t -h a r d n e s s r e a d i n g s will be obtained up to 9 0 0 C .
All alloys o t h e r than the h o t -h a r d n e s s s p e c i m e n s a r e to be p r e p a r e d by
consumable-electrode a r c -m e l t i n g techniques and will weigh about 4 lb. F a b r i c a t i o n m e t h o d s to be studied will include hot rolling, f o r g i n g , and p r e s s forging. The methods of fabrication m a y v a r y f r o m one composition to a n o t h e r , depending upon information obtained from hot h a r d n e s s , m e t a l l o g r a p h y , a l l o y composition, and p r i o r investigations.
A study of the m e c h a n i c a l and physical p r o p e r t i e s of t h e s e alloys will be m a d e to d e t e r m i n e the e f f e c t s of the i m p u r i t i e s and h e a t t r e a t m e n t s upon the a l l o y s . l i t t l e o r no information available on the p r o p e r t i e s of the high-niobium alloys.
final phase of the p r o g r a m w i l l be a c o r r o s i o n study i n sodium, w a t e r , c a r b o n dioxide, and a i r .
T h e r e i s
The C e n t e r -c u t d e r b y u r a n i u m biscuit h a s been s e c u r e d and i s being p r e p a r e d f o r melting. h a r d n e s s buttons will proceed a s soon a s m a t e r i a l s a r e available. 
. D i c k e r s o n I n t e r e s t i n t h o r i u m -u r a n i u m alloys a s b r e e d e r m a t e r i a l s h a s p r o m p t e d a p r o g r a m a i m e d at developing t h o r i u m -u r a n i u m a l l o y s with i n c r e a s e d i r r a d i a t i o n stability and c o r r o s i o n r e s i s t a n c e . p u r p o s e .
T e r n a r y and q u a t e r n a r y alloying will be c o n s i d e r e d f o r t h i s Initially, t h o r i u m -u r a n i u m alloys will be studied c o m p r e h e n s i v e l y to d e t e r m i n e the e f f e c t s of i m p u r i t i e s , fabrication techniques, and h e a t t r e a t m e n t upon the distribution of the alpha-uranium phase i n the alpha-thorium matrix. phase distribution m a y provide a m e a n s f o r limiting swelling of the alloy which a ccompanies r e l e a s e of f i s s i o n g a s e s by t h i s d i s p e r s e d p h a s e . The retention of f i s s i o n g a s e s by the u r a n i u m -r i c h phase m a y a l s o be i n c r e a s e d T e r n a r y additions of niobium and by d o y i n g t o stabilize the g a m m a -u r a n i u m phase. molybdenum, which show little solubility in t h o r i u m but which a r e soluble i n and stabilize the g a m m a -u r a n i u m p h a s e , will be u s e d f o r t h i s p u r p o s e .
T h o r i u m -u r a n i u m -z i r c o n i u m alloys wi 11 a l s o be examined. Such alloys should be heai; t r e a t a b l e , p e r m i t t i n g v a r i a t i o n s i n phase distribution to be achieved. i t m a y be possible to produce matrix v a r i a t i o n s , e i t h e r alpha t h o r i u m , or a t h o r i u mu r a n i u m -z i r c o n i u m phase, o r u r a n i u m -z i r c o n i u m -e p s i l o n p h a s e a s the matrix p h a s e . Improved c o r r o s i o n r e s i s t a n c e a s well a s i r r a d i a t i o n stability m i g h t be obtained with such a l l o y s .
In addition,
Techniques to be employed in t h i s investigation will include m e t a l l o g r a p h y , X -r a y On the b a s i s diffraction a n a l y s i s , and h o t -h a r d n e s s t e s t s . t e s t e d and m e c h a n i c a l -p r o p e r t y d a t a will be abtained on p r o m i s i n g a l l o y s . of r e s u l t s obtained, alloys will be s e l e c t e d f o r i r r a d i a t i o n s t u d i e s .
Selected a l l o y s will a l s o be c o r r o s i o n GENERAL FUEL-ELEMENT DEVELOPMENT S. J . P a p r o c k i
During the p a s t f i s c a l y e a r , dispersior.-type f u e l s p e c i m e n s containing 24 w / o f u l l y e n r i c h e d UC and UN d i s p e r s e d i n a 18 V J / O c h r o m i u m -1 4 w / o n i c k e l -2 . 5 w / o molybdenum-balance i r o n matrix and clad with Type 31 8 s t a i n l e s s s t e e l w e r e f a b r i c a t e d f o r i r r a d i a t i o n t e s t i n g at 1650 F.
c o m p a r e d to s p e c i m e n s containing a n equivalent loading of uranium-235 i n the f o r m of The i r r a d i a t i o n behavior of t h e s e m a t e r i a l s will be uo ;:.
The studies concerned with the development of c e r m e t f u e l e l e m e n t s a r e continuing. taining 60 to 9 0 volume p e r cent of f u e l component d i s p e r s e d i n a m e t a l m a t r i x .
anticipated that such f u e l m a t e r i a l s w i l l combine s o m e of the d e s i r a b l e f e a t u r e s of both the c e r a m i c and the conventional c e r m e t fuel. s y s t e m s .
E m p h a s i s i s being d i r e c t e d to the development of c e r m e t fuel e l e m e n t s con-
It i s G a s -p r e s s u r e bonding i s being investigated a s a technique f o r the cladding and bonding of niobium and molybdenum fuel elernents. p r o m i s i n g b e c a u s e a solid-state bond is produced and the b r i t t l e n e s s encountered d u r i n g the brazing and welding of t h e s e m a t e r i a l s i:; n o t p r e s e n t . concerned with the development of a n optimum s u r f a c e t r e a t m e n t and p r e s s u r e -b o n d i n g conditions f o r molybdenum and niobium.
T h i s bonding p r o c e s s i s e x t r e m e l y
The initial studies w i l l be The initial selection of g a s -p r e s s u r e -b o n d i n g p a r a m e t e r s of t i m e , t e m p e r a t u r e , and p r e s s u r e f o r the bonding of a m a t e r i a l i s b a s e d on t h e r e c r y s t a l l i z a t i o n t e m p e r a t u r e of the m a t e r i a l . ducted to e s t a b l i s h the optimum bonding conditions. A study i s being conducted with the objective of r e l a t i n g the c r e e p p r o p e r t i e s of a m a t e r i a l to i t s s t r e s s behavior d u r i n g p r e s s u r e bonding. any m a t e r i a l f o r which the c r e e p p r o p e r t i e s a r e known.
Using t h e s e p a r a m e t e r s a s a s t a r t i n g point, m a n y t e s t s a r e then con- The p r i m a r y purpose of t h i s p r o g r a m i s to d e t e r m i n e the effects of i r r a d i a t i o n at elevated t e m p e r a t u r e s on dispersion-type f u e l e l e m e n t s which contain 24 w / o UC o r UN in a matrix of s t a i n l e s s s t e e l and a r e clad with Type 318 s t a i n l e s s s t e e l . Twelve t e s t s p e c i m e n s have been p r e p a r e d f o r the i r r a d i a t i o n e x p e r i m e n t . The fueled s p e c i m e n s have a c o r e which i s about 31 mils thick, 1 / 2 in. wide, and 1 to 1 -1 / 8 in. long. The cladding thickness is about 7 mils. will contain UN. i r r a d i a t i o n c a p s u l e s to e s t i m a t e d burnups t h a t will equal and exceed the burnup l e v e l achieved with similar s p e c i m e n s containing a n equivalent amount of u r a n i u m -235 i n the f o r m of U 0 2 .
Six of the s p e c i m e n s will contain UC and the ,balance
Two of e a c h type of s p e c i m e n will be i r r a d i a t e d at 1650 F i n t h r e e
The n e c e s s a r y s p e c i m e n s have been f a b r i c a t e d and given the n e c e s s a r y p r ei r r a d i a t i o n physical m e a s u r e m e n t s and density m e a s u r e m e n t s p r i o r to encapsulation.
F o u r of the s p e c i m e n s have been encapsulated in a thermocoupled capsule and have been s e n t to the MTR f o r i r r a d i a t i o n . the relative flux n e c e s s a r y to obtain a s p e c i m e n t e m p e r a t u r e of 1650 F. f r o m the lead capsule a r e obtained, the o t h e r two c a p s u l e s will be loaded and shipped to the MTR f o r i r r a d i a t i o n . r e s u l t s a r e available.
This l e a d capsule will be used to d e t e r m i n e A f t e r the d a t a P r o g r e s s r e p o r t s will be discontinued until i r r a d i a t i o n
F a b r i c a t i o n of C e r m e t F u e l E l e m e n t s S. J . P a p r o c k i , D. L. K e l l e r , G. W . Cunningham, a n d D . E . K i z e r Development h a s been expanded on c e r m e t f u e l e l e m e n t s containing 6 0 to 9 0 volume p e r c e n t f u e l compound d i s p e r s e d i n a continuous m e t a l matrix. investigated include UN, UC, and U 0 2 . molybdenum, nickel, niobium, and s t a i n l e s s s t e e l .
F u e l s being Metallic skeletons will c o n s i s t of c h r o m i u m ,
Initial work i s to be concentrated on the production of d e n s e c o m p a c t s f o r thermal-conductivity m e a s u r e m e n t s . the possible combinations, but a n a t t e m p t will be m a d e to obtain enough d a t a to e s t a b l i s h the relative d e g r e e of i m p r o v e m e n t which m a y be expected when a c e r m e t i s used r a t h e r than a c e r a m i c . A h o t -p r e s s i n g technique will be u s e d to p r e p a r e the s p e c i m e n s .
T h e r m a l conductivity will not be m e a s u r e d on all P r e l i m i n a r y f a b r i c a t i o n studies have shown that hot p r e s s i n g i s the m o s t f e a s i b l e method of producing m a n y of t h e s e c e r m e t s ; t h e r e f o r e , a detailed study will be m a d e of the effects of such v a r i a b l e s a s t i m e , t e m p e r a t u r e , p r e s s u r e , and powder p a r t i c l e s i z e .
Also, f o r s y s t e m s such a s s t a i n l e s s s t e e l -U 0 2 , i n which the m e t a l d o e s not wet the c e r a m i c , techniques such a s coating the U 0 2 with m e t a l by vapor deposition, adding sufficient meta%$ give the c o r r e c t composition, cold p r e s s i n g , and s i n t e r i n g will be exaininations , m e c h a n i c a l -p r o p e r t y t e s t s , electrical-conductivity m e a s u r e m e n t s , t h e r m a l -s h o c k t e s t s , and thermal-expansion m e a s u r e m e n t s .
Infiltration can a l s o be c o n s i d e r e d in c a s e s w h e r e wetting c a n be p r o -F a b r i c a t i o n methods will be evaluated on the b a s i s of v i s u a l and metallographic
G a s -p r e s s u r e -b o n d i n g techniques will be investigated f o r producing clad a s s e mBend t e s t s , t r a n s v e r s e t e n s i l e t e s t s , and m e t a l l o g r a p h i c examinations will be b l i e s . macle to d e t e r m i n e the core-to-cladding bond strength.
G a s -P r e s s u r e Bonding of Niobium-and MolybdenumClad F u e l E l e m e n t s S . J . P a p r o c k i , E. S. Hodge, C . B. B o y e r , and R. W . Getz
Niobium and molybdenum a r e p r o m i s i n g m a t e r i a l s f o r i n e r t -g a s -c o o l e d and s o m e liquid-metal-cooled h i g h -t e m p e r a t u r e r e a c t o r applications. p r o p e r t y i s h i g h -t e m p e r a t u r e s t r e n g t h . a p p r o x i m a t e l y 9,000 p s i , while molybdenum h a s a t e n s i l e s t r e n g t h of a p p r o x i m a t e l y 10,1300 psi. absorption c r o s s sections with no significant r e s o n a n c e in the t h e r m a l o r e p i t h e r m a l reg?-ons. s t r u c t u r a l components f o r h i g h -t e m p e r a t u r e r e a c t o r s . T h e i r m o s t i m p o r t a n t At 2000 F, the t e n s i l e s t r e n g t h of niobium i s Molybdenum and niobium p o s s e s s r e l a t i v e l y low t h e r m a l -n e u t r o nThese p r o p e r t i e s m a k e niobium and molybdenum highly d e s i r a b l e f o r u s e a s
The f a v o r a b l e n u c l e a r and h i g h -t e m p e r a t u r e s t r e n g t h p r o p e r t i e s of molybdenum and niobium a s cladding m a t e r i a l s e s t a b l i s h (a need f o r a n effective p r o c e s s f o r bonding, cladding, and joining of molybdenum and niobium-clad f u e l e l e m e n t s . It i s posijible to join both of t h e s e m a t e r i a l s by welding i n a c l o s e l y controlled a t m o s p h e r e . The niobium i s m o r e e a s i l y welded because i t d o e s not become e m b r i t t l e d a s r e a d i l y during welding. sorr-etime s difficult to obtain as a r e s u l t of oxide precipitation along the molybdenum g r a i n boundaries during the welding operatio:n and the r e l a t i v e l y high brittle-to -ductile t r a n s i t i o n of r e c r y s t a l l i z e d molybdenum. m a t e r i a l that h a s been r e c r y s t a l l i z e d during fusion welding. Thin foil sections of molybdenum and niobium c a n b e joined by u l t r a s o n i c spot welding; however, t h i s p r o c e s s h a s not been proven applicable f o r welding of claddings to r e l a t i v e l y thick f r a m e m a t e r i a l . In g e n e r a l , welding of t h e w m a t e r i a l s by i n e r t a r c welding h a s been f a i r l y well e s t a b l i s h e d if b a s e m a t e r i a l s of s-iitable p u r i t y a r e employed and if a t m o sp h e r i c contamination i s avoided during we1di:ng. display a high affinity f o r oxygen and nitrogejn, it i s n e c e s s a r y to p r o t e c t them f r o m a t m o s p h e r i c e x p o s u r e during cladding at elevated t e m p e r a t u r e s by r o l l cladding o r c o e x t r u s i o n . t h e m s e l v e s p r e s e n t a n additional p r o b l e m . employed a s o u t e r protective c a n s during cladding of m e t a l s t h a t have a high affinity f o r oxy:gen and nitrogen will r e a d i l y alloy with th.e molybdenum and niobium at the bonding t e m p e r a t u r e s . vated t e m p e r a t u r e s will r e s u l t i n the c a n red.ucing m u c h m o r e than the molybdenum and niobium components; consequently, possible r u p t u r e of the p r o t e c t i v e c a n may o c c u r or A l s o , the room-temperaturl3 ductility of the molybdenum welds is T h i s t r a n s i t i o n can be a s high a s 575 F f o r Since both niobium and molybdenum
The t e m p e r a t u r e s n e c e s s a r y to obtain bonding of t h e s e m a t e r i a l s to Oxidation-resistant m a t e r i a l s n o r m a l l y
In addition, the l o w e r s t r e n g t h of the protective c a n m a t e r i a l s a t e l e - the f a b r i c a t e d fuel e l e m e n t will display poor dimensional p r o p e r t i e s . eliminate t h e s e p r o b l e m s , some work h a s been previously done on bonding of t h e s e mat e r i a l s by s o l i d -s t a t e diffusion p r o c e s s e s involving the u s e of die p r e s s u r e s to obtain bonding; however, none of t h e s e p r o c e s s e s h a s been proven applicable f o r cladding fuel e l e m e n t s with molybdenum or niobium.
In an a t t e m p t to
Many of the problems a s s o c i a t e d with conventional fabrication techniques f o r cladding with molybdenum and niobium can be avoided by p r e s s u r e bonding of t h e s e e l e m e n t s with a high i n e r t -g a s p r e s s u r e a t elevated t e m p e r a t u r e s . can be applied di'rectly on a n edge-welded f u e l e l e m e n t o r bonding can be done i n a twos t e p operation. bonding of the e l e m e n t s i n a coated protective can at i n t e r m e d i a t e t e m p e r a t u r e s s u b s equent to decanning and final p r e s s u r e bonding by d i r e c t p r e s s u r e on the cladding a t elevated t e m p e r a t u r e s . The p a r t i a l bond obtained i n the initial stage would have to be leakproof so that a p r e s s u r e d i f f e r e n t i a l could be e s t a b l i s h e d during the second bonding operation. The two-step p r o c e s s would be applicable f o r both fuel e l e m e n t s and c o mplete s u b a s s e m b l i e s . d u r i n g p r e s s u r e bonding, it m a y a l s o be possible to p r e s s u r e bond in a o n e -s t e p o p e ration using a coated protective can a t elevated t e m p e r a t u r e s .
The g a s p r e s s u r e
The l a t t e r c a s e would c o n s i s t of obtaining a p a r t i a l bond by p r e s s u r e Since only a m i n i m u m amount of deformation i s encountered T h r e e types of fuel e l e m e n t s a r e being c o n s i d e r e d i n t h i s investigation. T h e s e a r e flat plate, w a f e r , and tubular fuel e l e m e n t s which will embody c o r e m a t e r i a l s con- 
P r e s s u r e bonding i s a n a t t r a c t i v e method of bonding t h e s e b r i t t l e m aIn addition, the d i s p e r s i o n c h a r a c t e r i s t i c s of the c o r e a r e not a l t e r e d during the
In the initial p h a s e s of t h i s investigation, the bonding of niobium and molybdenum to itself will be studied. on the bonds obtained during p r e s s u r e bonding will be investigated. molybdenum will not bond p r o p e r l y e x c e p t by r e c r y s t a l l i z a t i o n and g r a i n growth during the p r e s s u r e -b o n d i n g cycle, it will be n e c e s s a r y to put the m a t e r i a l i n the b e s t condition f o r r e c r y s t a l l i z a t i o n and g r a i n growth to m i n i m i z e bonding t i m e s and t e m p e r a t u r e s . B e c a u s e the bond s u r f a c e s do not d e f o r m enough during p r e s s u r e bonding to b r e a k up s u r f a c e contaminant f i l m s , the p r e p a r a t i o n of the s u r f a c e f o r bonding i s e s p e c i a l l y i m p o r t a n t . contaminated by i m p r o p e r pickling, machining, abrading, or d e g r e a s i n g do not bond p r o p e r l y . niobium and molybdenum f o r bonding. It i s a s s u m e d , because of the d e s i r e to obtain r e c r y s t a l l i z a t i o n of the m a t e r i a l along the mating i n t e r f a c e s , that m e t h o d s of s u r f a c e p r e p a r a t i o n will include peening, belt a b r a d i n g , o r machining t o produce localized a r e a s of high e n e r g y by cold work. suitable s u r f a c e roughness to produce high-energy points f o r bonding.
The effect of p r i o r f a b r i c a t i o n h i s t o r y and s u r f a c e p r e p a r a t i o n If niobium and
In work with o t h e r cladding m a t e r i a l s , it h a s been found that s u r f a c e s
It will be n e c e s s a r y to d e t e r m i n e the m o s t suitable s u r f a c e p r e p a r a t i o n f o r The l a t t e r two m e t h o d s would include d e t e r m i n i n g a
A s e r i e s of flat-plate s p e c i m e n s i n c o r p o r a t i n g two flat p l a t e s of molybdenum o r niobium will be used to study e f f e c t s of f a b r i c a t i o n h i s t o r y and s u r f a c e p r e p a r a t i o n on the bonding of the m a t e r i a l s to t h e m s e l v e s . gate p r e s s u r e -b o n d i n g p a r a m e t e r s and cladding-to-can or -s p a c e r r e a c t i o n .
will be evaluated by bend, c h i s e l , and p e e l t e s t s , and m e t a l l o g r a p h i c examination to d e t e r m i n e bond i n t e g r i t y .
S i m i l a r s p e c i m e n s will be u s e d to i n v e s t iAll bonds F-11 and F -1 2 M a t e r i a l s a r e being obtained f o r this investigation, and p r e l i m i n a r y f l a t -p l a t etype specimens a r e being a s s e m b l e d to obtai:n information on s u r f a c e -p r e p a r a t i o n and p r e s s u r e -bonding pa r a m e te r s .
B a s i c Studies of P r e s s u r e Bonding S. J . P a p r o c k i , E . S. Hodge, S. D . Beck, a n d M . A. Gedwill An investigation i s i n p r o g r e s s with the aim of establishing c r i t e r i a f o r choosing p r e s s u r e -b o n d i n g conditions. p r o c e s s of bonding contacting s u r f a c e s by the application of g a s p r e s s u r e at elevated t e m p e r a t u r e s . sufficient deformation of the contacting s u r f a c e s to i n s u r e p e r f e c t contact.
P r e s s u r e bonding a s c o n s i d e r e d h e r e r e f e r s to the
In t h i s study the e m p h a s i s i s on d e t e r m i n i n g the conditions which c a u s e -.
Analytic Studie s of P r e s s u r e Bonding The a s s u m p t i o n i s m a d e that the s u r f a c e deformation which o c c u r s i s substantially a ci-eep phenomenon. g e o m e t r y .
the simple c r e e p law E" = Aon.
and G r e f e r to s t r a i n r a t e and s t r e s s i n v a r i a n t s , and A and n a r e c r e e p p a r a m e t e r s f o r a given m a t e r i a l at a given t e m p e r a t u r e . f i r s t m o d e l used to d e s c r i b e the s u r f a c e g e o m e t r y was that of a collection of infinitely thick-walled s p h e r e s subjected t o hydrostatic: p r e s s u r e . However, t h i s m o d e l l e d to a l a r g e o v e r p r e d i c t i o n of the conditions n e c e s s , a r y to bring the s u r f a c e s into i n t i m a t e contact, even though the c r e e p p a r a m e t e r s a r e not known a c c u r a t e l y . model f o r the s u r f a c e g e o m e t r y i s being sought.
It i s n e c e s s a r y t o p r e s c r i b e a m o d e l to r e p r e s e n t the s u r f a c e In p r i n c i p l e , a t l e a s t , the c r e e p of the s u r f a c e c a n be p r e d i c t e d in t e r m s of H e r e The
An a l t e r n a t i v e An e f f o r t w a s m a d e to d e t e r m i n e the c:reep p a r a m e t e r s f o r 2s aluminum at 5 0 0 and 7 0 0 F by analyzing d a t a on the collapse cif thick-walled c y l i n d e r s under e x t e r n a l p r e s s u r e . Due to the combined effects of l i m i t e d information obtainable f r o m e a c h exp,zriment and l a r g e s c a t t e r , these t e s t s do not a p p e a r to be a p r a c t i c a l way of obtaining c r e e p p a r a m e t e r s i n a s m a l l n u m b e r of t e s t s . However, the t o r s i o n a l c r e e p of c y l i n d r i c a l b a r s m a y be analyzed in t e r m s of the s a m e fundamental c r e e p law. addition, a n individual t o r s i o n t e s t c a n be u s e d to give a d i r e c t c o m p a r i s o n between c r e e p r a t e and s t r e s s , since the a n g u l a r velocity and t o r q u e c a n be m e a s u r e d d i r e c t l y . Thu.s, a reduction in the n u m b e r of t e s t s needed to obtain the c r e e p p a r a m e t e r s i s v e r y likely.
In E x p e r i m e n t a l Studies of P r e s s u r e Bonding A s e r i e s of t o r s i o n t e s t s i s being planned i n a n e f f o r t to obtain the p a r a m e t e C y l i n d r i c a l b a r s of 2s aluminum will be a s s o c i a t e d with the power law f o r c r e e p . The c u r r e n t p h a s e of the p r oand of establishing quantitative relationships among the v a r i a b l e s of t e m p e r a t u r e , s t r e s s , s t r a i n , t i m e , and cyclic frequency f.3r Inconel. g r a m is concerned with m e a s u r i n g and recoi-ding of s t r a i n a s s o c i a t e d with the cyclic portion of a combined load.
During July work continued on improving the s p e c i m e n -e x t e n s o m e t e r s y s t e m and i n c r e a s i n g the reliability of the r e c o r d i n g s y s t e m , load and t e m p e r a t u r e it m a y be possible to p r e s e t the d e s i r e d o p e r a t i n g load.
would p e r m i t change f r o m the r e s t condition to the t e s t i n g condition without the i n t e rm e d i a t e m a n u a l load a d j u s t m e n t .
It a p p e a r s that by calibrating for This
The calibi-ation is p a r t i a l l y completed. 
It is expected that during the next month the d e t a i l s of t h e t e s t p r o c e d u r e will b e f u r t h e r c l a r i
Titanium is s t i l l the m a t e r i a l of choice: f o r use i n the D a r e x d i s s o l v e r and f e e da d j u s t m e n t tank. frorn m e c h a n i c a l i n j u r y . C u r r e n t e x p e r i m e n t s show no ill effects f r o m c a u s t i c cleaning o r Scale r e m o v a l does not s e e m to constitute a s e r i o u s p r o b l e m .
Studies have b e e n continued to s e e k ways of preventing s t r e s s -c o r r o s i o n c r a c ki n g of C a r p e n t e r 20 Cb i n the Sulfex-Thorex s y s t e m . cathodic protection a r e under investigation. Nionel s u f f e r s f r o m i n t e r g r a n u l a r a t t a c k i n a r e a s of c a r b i d e precipitation when exposed to t h e s e solutions. A r e m e d y i s being sou,zht i n stabilized o r extra-low-carbon g r a d e s of t h i s alloy. d u r tng scouting e x p e r i m e n t s i n Sulfex and TE.orex solutions but r e m a i n s t o b e studied in tlie as-welded condition.
Both s t r e s s -r e l i e f t r e a t m e n t s and Illium R shows p r o m i s e A r u n is under way i n a new m o l t e n -s a l t composition ( 6 2 m o l e p e r cent NaF-38 mole p e r cent Z r F q ) . a r e being exposed.
Specimens of INOR-1 and INOR-8, Hastelloy B, and Type S-816
The D a r e x P r o c e s s Uranium c a n be r e c o v e r e d f r o m fuel e i e m e n t s containing s t a i n l e s s s t e e l as a diluent o r cladding by m e a n s of the D a r e x p r o c e s s . The e l e m e n t s a r e f i r s t dissolved in dilute aqua r e g i a . 
No evidence of any s e v e r e c o r r o s i v e a t t a c k h a s been
A new e x p e r i m e n t i s under way with t h e flowing d i s s o l v e r . S e v e r a l plain a n d welded titanium s p e c i m e n s , including s o m e 1.ongitudinally welded s p e c i m e n s which have beell placed i n tension by m e a n s of s p e c i a l s u p p o r t s , a r e being exposed to the conditions of continuous dissolution. At weekly i n t e r v a l s , the a c i d is d r a i n e d and t h e e n t i r e d i s s olution v e s s e l and contents a r e cleaned by boiling an aqueous solution containing 10 w / o NaOH within the d i s s o l v e r f o r 3 h r . Following r i n s i n g , dissolution is continued. T h r e e s u c h cleanings have b e e n made with no a p p a r e n t bad e f f e c t s .
I .
-. During this e x p o s u r e , s o m e titanium s p e c i m e n s exposed high in the vapor p h a s e above the point of dissolution a r e being s c r a t c h e d daily to s e e i f the oxidative power of the vapor a t this point i s sufficiently high that the protective film on titanium will be r e p a i r e d before c o r r o s i v e damage o c c u r s .
FAT Studies With Titanium
The various plain, welded, a n d
The weight l o s s e s
The s c a l e which f o r m s on the s u b m e r g e d portion of titanium s t e a m tubes exposed i n F i n a l FAT solutions w a s r e m o v e d quite e a s i l y during one experiment by exposing i t to a boiling solution of the Initial FAT composition. T h i s indicates that the s c a l e will probably be r e m o v e d during e a c h r e f i l l of the tank p r i o r to the boil-down o p e r a t i o n and, t h u s , i t does not constitute any g r e a t p r o b l e m i n r e l a t i o n t o the h e a t -t r a n s f e r c h a r a ct e r i s t i c s of the s t e a m t u b e s . to the T h o r e x solution will h e l p t o p r e v e n t e x c e s s i v e c o r r o s i o n of s e v e r a l m a t e r i a l s and will probably be u s e d d u r i n g a c t u a l p r a c t i c e .
In this p a r t i c u l a r p r o c e s s , Following t h i s , the t h o r i u m o r t h o r i a would be dissolved by a solution of E x p e r i e n c e h a s a l r e a d y pointed out that the addition of 0 . 2 M Al+3 E x p e r i m e n t s With C a r p e n t e r 20 Cb E x p e r i m e n t s i n which C a r p e n t e r H 2 S 0 4 while i n contact with dissolving a r e being r u n in batch fashion f o r only 20 Cb s p e c i m e n s a r e exposed t o boiling 6 M s t a i n l e s s s t e e l a r e i n p r o g r e s s . a s long as it t a k e s to r e a c h a buildup of about T h e s e s t u d i e s -5 g p e r l i t e r of dissolved s t a i n l e s s s t e e l . Then t h e a c i d is d i s c a r d e d and r e p l a c e d with f r e s h . s e r v e d when sufficient concentrations of d i s s o l v e d s t a i n l e s s s t e e l a r e p r e s e n t . So f a r , the e x p e r i m e n t h a s not b e e n run enough t i m e s to allow a d e t e r m i n a t i o n to be m a d e as to whether o r not t h i s cathodic protection f r o m the s t a i n l e s s anode is preventing c r a c k i n g of the C a r p e n t e r 20 Cb s p e c i m e n s . T h i s is done to p r e v e n t obtaining the corrosion-inhibiting effects a l r e a d y obSpecimens of C a r p e n t e r 20 Cb, both 11 and 16 gage, containing weldments, w e r e obtained and given a solution a n n e a l at 1950 F f o r 15 m i n , followed by a w a t e r quench. P a r t of t h e s e s p e c i m e n s w e r e then given a s t r e s s -r e l i e f t r e a t m e n t by holding a t 1650 F f o r 10 m i n and cooling in the f u r n a c e . ing 6 M H2S04 to s e e i f the s t r e s s -r e l i e f t r e a t m e n t h a s been s u c c e s s f u l i n preventing the development of cracking.
All of t h e s e s p e c i m e n s will be exposed i n boil-E x p e r i m e n t s With Nionel A s mentioned i n BMI-1273, welded s p e c i m e n s of Nionel developed s e v e r e i n t e rg r a n u l a r a t t a c k following exposure to Thorer: solutions e i t h e r alone o r cyclically with Sulfex solutions. the a t t a c k had become s o s e v e r e that f u r t h e r e x p o s u r e s e e m e d unwarranted. a t t a c k o c c u r r e d i n the a r e a s of c a r b i d e precipitation i n the heat-affected zones next t o the weldments i n much the s a m e m a n n e r as h a s been noted often with austenitic s t a i nl e s s s t e e l . i s being sought a s a solution to t h i s type of attack.
By the t i m e 2 0 cycles had been r e a c h e d , following the u s u a l schedule, T h i s P r e s e n t l y , e i t h e r a n e x t r a -l o w -c a r b o n g r a d e o r a stabilized grade of Nionel
Scorlting E x p e r i m e n t s With O t h e r Metals
Scouting e x p e r i m e n t s w e r e conducted with s p e c i m e n s of Illium R exposed to boilIllium R h z d reasonably low c o r r o s i o n r a t e s i n all but ing Sulfex and T h o r e x solutions. the Initial T h o r e x solution. However, t h e s e w e r e d r a s t i c a l l y r e d u c e d to a r o u n d 2 mils p e r month by the addition of 0. 2 M Alf3. Illium R to s e e if it s u f f e r s f r o m selective attack i n the a r e a s of c a r b i d e precipitation.
L H e r e r a t e s from. 1 2 0 to 160 mils p e r month w e r e r e c o r d e d .
More scouting e x p e r i m e n t s will be m a d e with welded s p e c i m e n s of The F l u o r i d e -Vol.atility P r o c e s s F u e l e l e m e n t s containing zirconium a s a diluent o r cladding c a n be r e c o v e r e d b y
Various m a t e r i a l s a r e a fl-uoride-volatility p r o c e s s . merits i n a bath of m o l t e n fluoride salts usin;? a s t r e a m of H F . being evaluated for u s e i n the construction of t h i s hydrofluorinator.
The f i r s t s t e p c o n s i s t s of hydrofluorination of the e l e -
At the p r e s e n t t i m e , a r u n is under way i n the 62 mole p e r cent N a F -3 8 m o l e p e r P r e s e n t plans cent Z r F 4 s a l t . m e n s of INOR-1, Type S-816, and Hastelloy B have a l s o b e e n included. call for inspection of t h e s e s p e c i m e n s following 500 h r of e x p o s u r e , 500-hr p e r i o d , the H F flow r a t e will be i n c r e a s e d c o n s i d e r a b l y above that n o r m a l l y u s e d , to d e t e r m i n e how i m p o r t a n t a r o l e thi:: flow r a t e plays i n the c o r r o s i o n p r o c e s s . Oth,zr r u n s with lithium s a l t s and s a l t s containing u r a n i u m t o r e p r e s e n t final h y d r ofluorinator conditions a r e planned.
While the m a t e r i a l of p r i m a r y i n t e r e s t i n t h i s r u n is INOR-8, s p e c i - This is p a r t of the Atomic International r e s e a r c h p r o g r a m . The objectives of t h i s r e s e a r c h a r e to develop u r a n i u m monocarbid,? a s a fuel f o r the SRE and to p e r f o r m p o s t i r r a d i a t i o n studies of m a t e r i a l s of intere.3t to the S R E , OMRE, and OMR p r o g r a m s .
The p r i m a r y c o n c e r n of t h i s r e s e a r c h i s t o develop u r a n i u m monocarbide as a fuel f o r SRE. The activities a r e divided into two m a j o r p a r t s : casting and f a b r i c a t i o n techniques to produce i n t e g r a l , unclad s p e c i m e n s and i r r a d i a t i o ncapsule design, and radiation-effects studies on unclad u r a n i P o r t i o n s of this p r o g r a m a r e concerned with the p r e p a r a t i o n of a s -c a s t Six UC c a s t i n g s a r e being m a d e using u r a n i u m e n r i c h e d with 8 . 4 w / o uranium-235. T h e s e s p e c i m e n s , 3 / 8 in. i n d i a m e t e r by 2 i 2 . long, a r e being p r e p a r e d to have 4 . 6 , 4 . 8 , and 5. 0 w / o carbon. All of t h e s e s p e c i m e n s will b e loaded into c a p s u l e s f o r i rradiation i n the MTR. E a c h capsule will contain two s p e c i m e n s of the s a m e nominal c orrtpo s ition. F u r t h e r t h e r m a l -c y c l e shock t e s t s have been m a d e at 1100 C on s p e c i m e n s conTaining quantities of c a r b o n above and below the UC s t o i c h i o m e t r i c composition. Machine-ground s p e c i m e n s with 4 . 5 and 4 . 7 w / o c a r b o n , and a n a s -c a s t s p e c i m e n with 5. 0 w / o carbon, showed no evidence of f r a c t a r i n g a f t e r 100 t h e r m a l c y c l e s ( 7 m i n i n the f u r n a c e a t 1100 C; 15-min cooling p e r i o d at r o o m t e m p e r a t u r e ) . In each c a s e the resulting casting Tabulated below a r e the r e s u l t s of an e x p e r i m e n t designed to d e t e r m i n e the optimum melting t i m e f o r m i n i m u m c a r b o n pickup i n the p r e p a r a t i o n of 100-g a r cm e l t e d buttons: The r e s u l t s indicate that c a r b o n pickup f r o m the graphite e l e c t r o d e tip i n c r e a s e s with t i m e and that the buttons a r e homogeneous. involves s i x r e m e l t s a t 30 s e c each.
The p r o c e d u r e adopted a s s t a n d a r d As soon a s the s p e c i m e n s a r e approved f o r encapsulation and physical m e a s u r em e n t s on t h e s p e c i m e n s have been completed, Capsules BMI-23-2 and BMI-23-3 will be loaded and shipped to the MTR.
Cycle 110 in S e p t e m b e r following the plutonium r u n . the rmocoupled.
The t a r g e t i n s e r t i o n date f o r t h e s e two c a p s u l e s is All s i x MTR c a p s u l e s a r e Typical thermocouple t e m p e r a t u r e s f o r Capsule BMI-23 -1 during 40-megawatt r e a c t o r operation a r e given in Table K Touching inner capsule wall opposite top specimen.
5
Touching basket at center of bottom specimens. 6
Touching inner capsule wall opposite center of bottom specimens. (b) Capsule raised into a higher flux during inidcycle refueling.
T h e s e readings r e p r e s e n t peak values obser\.ed periodically b y the B a t t e l l e r e p r e s e n t ative a t the MTR. specimen s u r f a c e . t e m p e r a t u r e g r a p h s , t i m e i r r a d i a t e d .
Readings f o r thermocouples 2 , 3 , and 5 m u s t be extrapolated to t h e F o r m o r e p r e c i s e values, studies will b e m a d e of t h e r e c o r d e d
T h e r e i s a g e n e r a l tendency toward d e c r e a s i n g t e m p e r a t u r e with
The l o n g -t e r m NaK-UC-stainless s t e e l compatibility studies a t 1100 F a r e continuing. p o w e r ) , the compatibility studies will b e terrninated at the end of 3 months at t e m p e r a t u r e .
Since the longest i r r a d i a t i o n ant:.cipated is s i x c y c l e s (about 1 2 weeks at
The BRR capsule containing s p e c i m e n s f o r f i s s i o n -g a s -r e l e a s e study is being F i s s i o n g a s r e l e a s e d into the capsule during irr2,diated i n BRR C o r e Position 56 i n a r e a c t o r t h e r m a l flux of about 1 x 1013 nv. cap:jule w i l l b e d i s c h a r g e d in August. irrz.diation w i l l be examined and s p e c i m e n p o s t i r r a d i a t i o n m e a s u r e m e n t s w i l l be made. Fol!owing t h i s , the f i s s i o n g a s r e l e a s e d will be studied on individual p o s t i r r a d i a t i o n h e a t -t r e a t e d s p e c i m e n s . A p r e l i m i n a r y t e s t of a p p a r a t u s and p r o c e d u r e s is being conduci:ed on two u r a n i u m -5 . 
J. E . G a t e s
The p o s t i r r a d i a t i o n examination of twelve thorium-1 1 w / o u r a n i u m s p e c i m e n s After i r r a d i a t e d i n two capsule t r a i n s h a s been e s s e n t i a l l y completed. m a d e to p e r f o r m radiochemical burnup a n a l y s e s and m e t a l l o g r a p h i c s t u d i e s . t h e s e additional data become available, the r e s u l t s c a n b e evaluated.
P r e p a r a t i o n s a r e being 
An examination of t h e s e s p e c i m e n s
The dummy element containing i r r a d i a t e d s p e c i m e n s of s t r u c t u r a l m a t e r i a l s of i n t e r e s t to the OMR p r o g r a m a r r i v e d i n July. m e n s to d e t e r m i n e the effects of i r r a d i a t i o n and c o r r o s i o n induced by the o r g a n i c coolant w i l l b e initiated during August o r S e p t e m b e r .
Examination and testing of t h e s e s p e c iAn i r r a d i a t e d OMRE fuel e l e m e n t was r e c e i v e d i n J u l y .
P r e l i m i n a r y inspections have indicated that i t i s in good An examination of this, OMRE E l e m e n t 3 , h a s begun. condition.
SRE F u e l M a t e r i a l
G. E . L a m a l e , J . H. Saling, W . J . B r a u n , and J . E . Whitney Thorium -Uranium Specimens The p o s t i r r a d i a t i o n examinations of thorium-1 1 w / o u r a n i u m s p e c i m e n s f r o m Capsules NAA-15-6 and NAA-15-7 have b e e n completed. f o r r a d i o c h e m i c a l burnup a n a l y s e s , m e t a l l o g r a p h i c examinations, and m e a s u r e m e n t s of the l i n e a r -t h e r m a l -e x p a n s i o n coefficients. and to b e completed during S e p t e m b e r . a f t e r the burnup i s d e t e r m i n e d . A fission-product a n a l y s i s of the NaK r e c o v e r e d f r o m two c a p s u l e s i s a l s o U r anium -Dioxide SDe cimen s P r e p a r a t i o n s a r e being m a d e to examine the U 0 2 s p e c i m e n s i r r a d i a t e d i n Capsules NAA-28-1 and NAA-29-1.
The examination is scheduled f o r August.
OMRE F u e l E l e m e n t s R. J. B u r i a n , D. K. D i e t e r l y , D. N. Sunderman, and J . E . Whitney
The f i r s t fuel e l e m e n t f r o m t h e OMRE h a s a r r i v e d . The inspection of this element, OMRE E l e m e n t 3 , h a s begun.
Visually, the element a p p e a r s to b e i n good condition. A l a y e r of black c a r b o n aceous m a t e r i a l was visible on the o u t e r s u r f a c e s of the fuel e l e m e n t , The thickness was e s t i m a t e d to be approximately 0 . 5 mil. element was e a s i l y removed with trichloroet'hylene. portions of the element n e a r the ends was not e a s i l y removed. s a g e s between the p l a t e s w e r e f r e e of any obstruction.
Most of this m a t e r i a l n e a r the fueled a r e a of the The a d h e r e n t m a t e r i a l on the cooler All of the coolant pas-
The examination of this e l e m e n t will continue. It i s planned to examine the outer s u r f a c e s of the element f o r evidence of c o r r o s i o n , m e a s u r e o v e r -a l l distortion, cut off the ends and m e a s u r e plate spacing, and s c a n the element to d e t e r m i n e the relative radiation intensity at various points. will b e m i l l e d a p a r t . p l a t e s inspected. macle with the g a m m a s c a n d a t a , Upon completion of the examination the element The thickness of individual p l a t e s will t h e n be m e a s u r e d and the Burnup a n a l y s e s will be m a d e on s e l e c t e d a r e a s and a c o m p a r i s o n OMR F u e l and S t r u c t u r a l M a t e r i a l s R. J. B u r i a n , and J . E . Whitney
The fir s t dummy element containing s p e c i m e n s of s t r u c t u r a l m a t e r i a l s has a r r i v e d . of the OMRE e l e m e n t and the routine examination of the U 0 2 c a p s u l e s a r e completed. Since the examination of the s t r u c t u r a l m a t e r i a l s will involve s e v e r a l individual t e s t s , such as t e n s i l e and c o r r o s i o n t e s t s , i t i s planned to i n s e r t this w o r k into the c e l l schedules in small p o r t i o n s , r a t h e r than to d o i t all a t one t i m e . work can be completed during the next 2 to 3 months.
The s t r u c t u r a l m a t e r i a l s will be examined a f t e r the s u r v e i l l a n c e examination It is believed that this 
The studies of the c r e e p p r o p e r t i e s (in sodium and i n i n e r t a t m o s p h e r e ) and the weldability of tantalum conducted f o r Los Alarnos Scientific L a b o r a t o r y i n connection with the LAMPRE p r o g r a m a r e n e a r i n g t e r m i n a t i o n . the initial a s p e c t s of a p r o g r a m having the objective of developing c o r e -c o n s t r u c t i o n alloys f o r LAMPRE s e r v i c e . gated will be based on tantalum, with additions of r e f r a c t o r y m e t a l s such a s molybdenum, niobium, and tungsten. tantalum-tungsten s y s t e m .
During J u l y , attention w a s given to According to p r e s e n t p l a n s , the m a t e r i a l s to be investiThe c u r r e n t e x p l o r a t o r y studies a r e concerned with the Tantalum -Sodium Co.mpatibility Studies G . E . R a i n e s , C . V. W e a v e r , and J . H. Stang
All e x p e r i m e n t s i n t h i s r e s e a r c h , which h a s been concerned with d e t e r m i n i n g the effects of sodium e x p o s u r e s (in polythermal loop s y s t e m s at 1 2 0 0 F ) on the c r e e p behavior of tantalum, w e r e t e r m i n a t e d during J u l y . a t m o s p h e r e c r e e p r u n s a r e now on hand and provide baseline c r e e p d a t a d i r e c t l y c o mp a r a b l e with those f r o m the sodium r u n s . h a s v e r y l i t t l e effect on the c r e e p s t r e n g t h of tantalum r e m a i n s unchanged. The c o mpleted baseline d a t a indicate, however, that the m i n i m u m c r e e p r a t e s previously r e p o r t e d have probably been somewhat on the high s i d e . tion that i n one of the i n e r t -a t m o s p h e r e r u n s a n e x t e r n a l l y mounted d i a l gage such a s w a s used in conjunction with the c r e e p -l o o p s y s t e m s indicated a c o n s i s t e n t l y higher minimum c r e e p r a t e than did a conventional i n t e r n a l gage-section-mounted e x t e n s o m e t e r . The difference, which is small f r o m the standpoint of a c t u a l elongation, apparently s t e m m e d f r o m deformation of the s p e c i m e n g r i p s and elongation of the pin h o l e s (as r e p o r t e d in BMI-1273, pin-hole d i s t o r t i o n d u r i n g f i r s t -s t a g e c r e e p h a s been a n i m p o r t a n t consideration). r e g i j t e r e d along with gage-section d e f o r m a t i o n , while with the e x t e n s o m e t e r method they a r e not.
Data f r o m two long-time i n e r tThe e a r l i e r conclusion that 1200 F sodium T h i s i s based on the o b s e r v aWith the dial-gage method, t h e s e s t r a y d e f o r m a t i o n s a r e It was r e p o r t e d i n BMI-1273 t h a t the c m e p r a t e being exhibited by a sodiumexposed tantalum s p e c i m e n which had a reduced oxygen content by v i r t u e of a lengthy soak in sodium p r i o r to s t r e s s i n g w a s somewlhat h i g h e r than exhibited by c o m p a r a b l e s p e c i m e n s loaded i m m e d i a t e l y a f t e r contact with sodium. t h i s e x p e r i m e n t , the c r e e p r a t e of t h i s specinnen g r a d u a l l y declined to about 0. 0003 p e r c e n t p e r h r , which i s c o m p a r a b l e with o t h e r sodium-exposed-specimen r a t e s . r e s u l t would suggest that i n t e r s t i t i a l oxygen does not contribute g r e a t l y to the s t r e n g t h of tantalum, a n indication found i n p r i o r i n e r t -a t m o s p h e r e c r e e p e x p e r i m e n t s r e p o r t e d i n 
L-2
High-T e m p e r a t u r e Mechanical P r o p e r t i e s of Tantalum D . C. Drennen, M. E . Langston, C . J . Slunder, and J . G. Dunleavy F i n a l c r e e p t e s t s a t 1200 F in a helium a t m o s p h e r e on 30-mil s t r i p s p e c i m e n s of t h e r m a l l y degassed fine-grained s i n t e r e d tantalum a r e in p r o g r e s s . Data now on hand a r e p r e s e n t e d in Table L-1. R e s u l t s of the long 12,000-psi run indicate that the c r e e p s t r e n g t h of this m a t e r i a l i s higher than that of c o m m e r c i a l annealed s i n t e r e d m a t e r i a l ; i t s s t r e n g t h a p p e a r s to be about the s a m e a s that of the c o m m e r c i a l annealed a r c -c a s t product. 1000 h r .
The r u n s a t 10,000, 14,000, and 16,100 p s i will be concluded a f t e r about The p r e l i m i n a r y phase of a n alloy-development p r o g r a m , having the objective of tailoring m a t e r i a l s to the r e q u i r e m e n t s of the LAMPRE applications, i s under way. The r e q u i r e m e n t s include r e s i s t a n c e to attack by molten plutonium-base fuels m o r e consistent than p o s s e s s e d by c o m m e r c i a l tantalum, f a b r i c a b i l i t y , and a n acceptable l e v e l of elevated-temperature strength. e s s e n t i a l to reduce the susceptibility to attack to a d e g r e e t h a t c a n be t o l e r a t e d .
work now under way i s dealing with tantalum and tantalum-3 and -6 w / o tungsten a l l o y s . S m a l l (100 to 150-g) buttons and r o d s a r e being a r c m e l t e d at low p r e s s u r e in a helium a t m o s p h e r e to provide m a t e r i a l that c a n be used to evaluate f a c t o r s such a s ingotpurity l e v e l , h a r d n e s s , m i c r o s t r u c t u r e , and e a s e of cold rolling and swaging. Melting stock composed of F a n s t e e l s i n t e r e d sheet and T e m e s c a l e l e c t r o n -b e a m -m e l t e d ingot i s being used to p r e p a r e the unalloyed tantalum s p e c i m e n s ; F a n s t e e l tantalum sheet and tungsten w i r e a r e being used f o r the p r e p a r a t i o n of the tantalum-tungsten alloys.
It i s believed t h a t a high p u r i t y will be The
Weldabilitv of Tantalum f o r Hieh-TemDerature S v s t e m s S. M. S i l v e r s t e i n and R. P. Sopher
The final activity in t h i s p r o g r a m h a s been devoted to a study of f a c t o r s responsible f o r porosity in a r c welds of some l o t s of tantalum, and, during J u l y , e x p e r i m e n t a l work on this phase was concluded. c l a s s e d a s unweldable because of porosity f o r m a t i o n was r e m e l t e d in an a r c f u r n a c e .
In s e v e r a l m e l t s , carbon was added, but in one it was not. welds could be m a d e with a l l r e m e l t e d s a m p l e s .
In the f i n a l e x p e r i m e n t , a lot of tantalum which was the f o r m e r contained 175 ppm oxygen while the l a t t e r contained 6 2 pprn oxygen; both contained 10 pprn of carbon.
It is noteworthy, however, that sound welds could b e T o investigate t h i s , a n a l y s e s for c a r b o n It w a s found t h a t T h e s e findings along with o t h e r s that have b e e n accumulated l e a d t o the belief that a carbon-oxygen r a t i o is an i m p o r t a n t governing f a c t o r i n p o r o s i t y of tantalum welds. causing a l a c k of weldability. should b e low if the weld i s t o r e m a i n f r e e of porosity. m a t e r i a l s which do not c o m e under t h e s e constituent r e q u i r e m e n t s i s not known. not anlikely that e l e m e n t s other than c a r b o n and oxygen play a p a r t i n t h e p o r o s i t y problem.
If the c a r b o n content is relatively high, the oxygen content c a n b e high without S i m i l a r l y , if the c a r b o n content i s low, the oxygen l e v e l T h e explanation f o r p o r o s i t y i n It i s The p u r p o s e of this p r o j e c t is to m a k e i t e a s i e r to i n t e r p r e t the photographs of In the MGCR p r o g r a m t h e r e i s i n t e r e s t in c a r b o n dioxide a s the coolant, a t t e mp e r a t u r e s up to 1500 F and p r e s s u r e s to 200'2 p s i , and graphite a s the m o d e r a t o r . graphite m u s t be clad with a m a t e r i a l resistamt to c o r r o s i o n by the C 0 2 and e x c e s s i v e c a r b u r i z a t i o n by the graphite. The effect of radiation on t h e s e r e a c t i o n s is being studied a t Battelle.
The
Investigation of the Effect of I r r a d i a t i o n on Clad Graphite Specimens i n a C 0 2 E n v i r o n m e n t J. C. Smith, R. H. B a r n e s , and W. H. D i e t h o r n A p r o g r a m to investigate the effects of r e a c t o r r a d i a t i o n s on c-ad graphite specim e r s is i n p r o g r e s s . i r r a d i a t e the s p e c i m e n s i n a GO2 environment a t 1000 p s i and 1500 F. taining s i x s p e c i m e n s is p r e s e n t l y being i r r a d i a t e d i n the B a t t e l l e R e s e a r c h R e a c t o r . Specifically, the s p e c i m e n s a r e AGOT g r a p h . t e clad with Type 310 s t a i n l e s s s t e e l , Type 446 s t a i n l e s s s t e e l , o r Inconel.
ding. obtained f r o m duplicate out-of-pile e x p e r i m e n t s which will b e conducted e l s e w h e r e . The p r o g r a m objective i s to l e a r n the effects of r e a c t o r r a d i a t i o n s on c o r r o s i o n by the g a s e o u s environment and r e a c t i o n s a t the graphite-cladding interface.
The e x p e r i m e n t a l objectives of this i n i t i a l p r o g r a m a r e to A capsule con-T h e r e a r e two s p e c i m e n s with e a c h type of cladThe r e s u l t s of the p o s t i r r a d i a t i o n exarninations will b e c o m p a r e d with r e s u l t s Out-of-Pile ODeration Check of I n -P i l e Capsule P r i o r to i n s e r t i o n i n the r e a c t o r , the o p e r a t i o n of the in-pile capsule w a s checked
The capsule w a s placed v e r t i c a l l y i n a i n out-of-pile t e s t s using a r g o n a s a n i n e r t g,as.
pool. of w a t e r to simulate the situation i n the r e a c t o r . desj.red e x p e r i m e n t conditions, i t w a s found .that, d e s p i t e e f f o r t s to design the capsule to m i n i m i z e convection c u r r e n t s , t e m p e r a t u r e ,gradients of 500 F e x i s t e d i n the s p e c i m e n regjon when the capsule w a s p r e s s u r i z e d to 1.000 psi. By placing the capsule i n a w a t e r jack:et and o p e r a t i n g the capsule i n a h o r i z o n t a l position, the t e m p e r a t u r e v a r i a t i o n i n the s p e c i m e n region w a s reduced to 100 F with Tmax a t 1500 F and a n a r g o n p r e s s u r e of 1000 psig. i s being i r r a d i a t e d i n a h o r i z o n t a l position adjacent to the r e a c t o r c o r e a t s o m e s a c r i f i c e i n flux. The a l t e r n a t i v e , a r e d e s i g n of the c.apsule to r e d u c e the convection c u r r e n t s i n a m a n n e r that would not c o m p r o m i s e the e x p e r i m e n t by i n c r e a s i n g the s u r f a c e a r e a exposed to the C O z , w a s not p o s s i b l e within the t i m e schedule of t h i s p r o g r a m .
In the p r o c e s s of attaining the To take advantage of the m o r e uniform t e m p e r a t u r e p a t t e r n , the capsule D o s i m e t r y and Reactivity M e a s u r e m e n t s A n u c l e a r mock-up of the in-pile capsule w a s f a b r i c a t e d and provided with neutron d o s t m e t e r s . Both the t h e r m a l -and f a s t -(akove sulfur threshold) neutron f l u x e s w e r e total radiation-energy dose r a t e ( f a s t neutron p l u s gamma) of 3 x l o 8 r a d s p e r h r .
T h u s , the graphite s p e c i m e n s would have r e c e i v e d a
In o r d e r to o p e r a t e the capsule i n a h o r i z o n t a l position, i t w a s n e c e s s a r y to locate the in-pile capsule along a face of the c o r e . radiation-energy dose r a t e to the s p e c i m e n s i s reduced by a f a c t o r of 4, giving a n e s t im a t e d g a m m a and fast-neutron d o s e -r a t e contribution of 5 x l o 7 and 3 x l o 7 r a d s p e r h r , respectively. The dose r a t e s given above a r e c o n s i d e r e d to apply a l s o f o r the C 0 2 g a s i n the capsule.
At t h i s position i t is e s t i m a t e d that the
The I n -P i l e E x p e r i m e n t P r i o r to establishing the d e s i r e d e x p e r i m e n t a l conditions of t e m p e r a t u r e and p r e s s u r e , the capsule s y s t e m w a s flushed five t i m e s with C 0 2 and then s a m p l e d to check the composition of the i n i t i a l c h a r g e of C 0 2 . c h a r g e w a s d e t e r m i n e d to b e 0. 06 f 0. 03 volume p e r cent, which i s e s s e n t i a l l y the oxygen content of the tank COz.
The oxygen content of the initial The s y s t e m was p r e s s u r i z e d and heated. Modifications to the e l e c t r i c power supply delayed operation a t the d e s i r e d t e m p e r a t u r e and p r e s s u r e , and a t the t i m e the I, next g a s s a m p l e w a s taken, 2 9 -1 / 2 h r a f t e r the r e a c t o r s t a r t u p , the capsule had e x p e r ienced only 2 h r a t a n elevated t e m p e r a t u r e of only 1200 F. yielded 0. 04 f 0. 03 volume p e r cent oxygen. l a t e r , a f t e r 7 -1 / 2 h r a t 1500 F and 24 h r a t 1350 F. volume p e r cent oxygen and 3 . 6 f 0. 2 volume p e r cent CO. t h e s e concentrations will have to be c o r r e c t e d b y consideration of the t o t a l volume of the s y s t e m s a m p l e d v e r s u s the f r a c t i o n of t h i s i n the i r r a d i a t i o n c a p s u l e . ) tion i n t e m p e r a t u r e w a s n e c e s s i t a t e d by the l o s s of two of the t h r e e f u r n a c e h e a t e r s and a reluctance to overpower the remaining h e a t e r .
Analysis of t h i s s a m p l e
The next g a s s a m p l e w a s taken 3 1 -1 / 2 h r ( T h e absolute magnitude of The a n a l y s i s showed 0.05 f 0. 02
The r e d u cSubsequent a n a l y s e s of g a s s a m p l e s have r e v e a l e d a d e c r e a s i n g CO content with in-pile time. In view of t h i s , i t h a s b e e n decided to o p e r a t e the capsule a t the r e d u c e d t e m p e r a t u r e until the CO content s t a b i l i z e s b e f o r e r i s k i n g the l a s t h e a t e r i n a n a t t e m p t to o p e r a t e a t 1500 F. f u r n a c e w a l l s m a y b e r e s p o n s i b l e f o r d e c r e a s e f r o m 1400 F) and 940 psi.
At p r e s e n t the operating conditions a r e 1250 F ( The r e s e a r c h r e p o r t e d i n t h i s section i s p a r t of the Babcock & Wilcox Company's N u c l e a r Merchant Ship R e a c t o r P r o g r a m . The c u r r e n t w o r k is p r i m a r i l y concerned with the development of fabrication technique:; f o r U02-containing fuel pins f o r a dyn a m i c loop t e s t a t the MTR. A capsule-irrac!iation p r o g r a m h a s a l s o been initiated t o r u n long-term burnup t e s t s a n d controlled c e n t r a l melting t e s t s on prototype fuel pins. The p r i m a r y p u r p o s e of t h i s investigation i s to provide a f o r m of t e s t f o r prototype U 0 2 fuel pins for the NMSR p r o g r a m under anticipated r e a c t o r conditions. -P r e v i o u s work h a s r e s u l t e d i n the completion of t h e s h o r t t e s t pins for the f i r s t in-pile and out-of -pile loadings in the h i g h -t e m p e r a t u r e h i g h -p r e s s u r e irradiation-te s t loop. c r a c k s , and checked f o r any h e l i u m l e a k s at the welded a r e a s . With the completion of m e a . s u r e m e n t s of length, d i a m e t e r , a n d a p p a r e n t d e n s i t i e s of e a c h s p e c i m e n , the fuel pins will b e a s s e m b l e d and shipped t o the MTR.
T h e s e pins a r e now being examined and i n s p e c t e d to d e t e c t any discontinuities o r Due t o the high b o r o n content (500 p p m ) of the Type 304 s t a i n l e s s s t e e l cladding of the long fuel p i n s , a t t e m p t s to m a k e leaktight welds a t the end c a p s w e r e u n s u c c e s s f u l .
T h e s e thin-walled t u b e s which have a n outside d i a m e t e r of 0. 3125 in. w e r e welded to Type 304 s t a i n l e s s s t e e l end caps using a butt weld design. Metallographic e x a m i n ation of the c r o s s sections of the weld areas indicated t h a t t h e w e a k n e s s i n the weld could have b e e n caused by a boride p r e c i p i t a t e o r i i b o r o n e u t e c t i c p h a s e at the g r a i n bounda r i e s of the weld s t r u c t u r e . On the b a s i s of t h e s e t e s t s , it w a s decided t o lower t h e b o r o n content of the cladding m a t e r i a l to 300 p p m and t o initiate a n investigation t o d et e r m i n e a method of s a t i s f a c t o r i l y welding t h e s e fuel pins. In t h i s study, a n a t t e m p t is beirig m a d e to e s t a b l i s h the relationship between welding conditions, depth of p e n e t r ation., and c r a c k i n g a s s o c i a t e d with the w e l d s . Metallographic techniques w i l l b e e mploved w h e r e n e c e s s a r y , i n o r d e r to identify the d e l e t e r i o u s phase, o r p h a s e s , which . e . 0 0 . . e
